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A STEAM MOTOR CAR FOR RAILWAY SERVICE. 


In the recent developments in the design of 
motor cars for railway service in this country 
there have been numerous applications of gas en- 
gines (for direct power or for generating electric 
current), but one of the latest motor cars for 
railways is driven by steam generated in a high- 
pressure water-tube boiler. The car resembles a 
large electric interurban car, as shown herewith, 
and has the engine room and the steam truck 
at the front end. The machine was designed by 
Mr. W. G. Wagenhals, and is being introduced 
by the Kobusch-Wagenhals Steam Motor Car 
Co., of St. Louis, Mo. The first car has been 
built by the St. Louis Car Co., and is to be tried 
on the Missouri Pacific Ry. 


The engine does not drive directly to the axles, 
but through a pair of gear wheels, as shown in 
Fig. 2. Between the axles of the steam truck 
are two horizontal cylinders, A, connected to 

x 


Roberts Safety Water Tube Boiler Co., 39 Cort- 
landt St., New York City; the general design 
is shown in Fig 8. The horizontal drum has an 
outflow connection at each end to a large cross 
pipe, A, with downflow legs, B, connected at the 
bottom by headers, C, parallel with the drum. 
To these headers are connected the vertical ends 
of a series of pipe coils which lie above the 
grate, the upper ends of the coils being con- 
nected with the drum. A perforated pipe in the 
top of the drum is connected to’the superheating 
coils, D, at the sides, and these in turn are 
connected by the branch pipes, E, with the main 
steam pipe, at F. Hollow firebrick blocks are 
placed at the sides of the grate. The boiler made 
for the steam car differs from the arrangement 
shown, in that the coils over the furnace extend 
from each side to the middle, instead of from 
side to side. It is about 8 ft. square, and was 
tested with live steam at 250 lbs. pressure. Oil 
fuel is used, with five burners of the pattern made 


with steel. The car is intended for a speed of 40 
miles an hour. It is fitted with air brakes and 
steam heating equipment. The principal dimen- 
sions are as follows: 


Wheelbase, c. to c. of 

Height to top of smokestack 
Bolle® pressure 


COST-KEEPING IN THE U. S. RECLAMATION SERVICE.* 


In the operations of the U. S. Reclamation Ser- 
vice special attention has been paid to the matter 
of keeping accurate accounts of cost, not merely 
of the amounts expended for work, but as to the 
actual cost of important structures and details 


crank disks on the end of a countershaft, B, 
having a 21-in. pinion (36 teeth); this gears with 
a 24-in. pinion (44 teeth) on the front axle, C, 
and the four 42-in. driving wheels are connected 
by coupling rods in the usual way. Piston valves 
are used with link valve gear, operated from 
eccentrics on the countershaft; special mechanism 
is required to prevent the movement of the truck 
from interfering with the control of the valve 
gear. The connecting rods are enclosed in crank 
cases, D, for splash lubrication, and the gearing is 
also encased. The engine has a triple-support 
arrangement; the engine frames are connected at 
the rear end by a cross frame supported from 
above by a hanger, E, resting on springs seated 
on cross bars above the truck frames; at the 
front end, the engine frames rest on the driving 
axle, extending far enough beyond it to be con- 
nected by a cross bolt and brace, F. The motor 
truck can easily be disconnected and run out 
from the car. 

The boiler is of the Roberts type, built by the 


A STEAM MOTOR CAR. 


by the National Supply Co., Chicago. The oil 
for fuel is carried in a tank under the car, 
and two other tanks carry the feed water, which 
is heated by coils, G, at the upper part of the 
boiler, and delivered by a feed pump. The 314-in. 
steam pipe passes down through the floor and ends 
in a swivel joint connected by a horizontal pipe 
(with an expansion joint) to a similar flexible 
joint in front of the center casting of the truck. 
Beyond this are two 2%-in. pipes passing on 
either side of the center casting to the valve 
chambers. The exhaust pipes are connected to a 
single 4-in. pipe which passes up through the 
hollow center casting and extends to the smoke- 
stack. 

The car has an underframe of steel, and at 
the rear end is a four-wheel truck. The rear of 
the body forms the main saloon, with seats for 
52 persons; next to this is the smoking compart- 
ment, with seats for 12 persons. Beyond this is 
the baggage room (10 ft. long) and then the en- 
gine room (12 ft. long), this latter being lined 


of construction. The work is widely scattered 
in various parts of the United States under va- 
rious climatic conditions and usually away from 
facilities for transportation, at points where sup- 
plies are obtained with difficulty. 

The operations embrace a wide variety of work, 
from survey and examination up through con- 
struction to maintenance and operation of large 
hydraulic systems. Included within these are the 
building and operation of wagon roads, telephone 
lines, power plants, and, in some cases, of manu 
facturing establishments or small mills for mak- 
ing cement, lime, or brick, for crushing sand, etc. 

To meet all the various requirements of the 
Service it has been necessary to make a very 
careful study of the methods of cost-keeping as 
practiced by contractors and manufacturers. The 
results of the experience thus obtained by the 

*A statement prepared by the U. S. Reclamation Ser- 
vice, followed by some extracts from the ‘‘Manual of 
Field Accounting’’ described herewith. Mr. F. H. Newell, 


M. Am. Soc. C. E., of Washington, D. C., is Director 
of the U. S. Reclamation Service. 
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teclamation Service have been embodied in a 
small book. This “Manual of Field Accounting” 
has been prepared by Norman E. Webster, Jr., 
Accountant for the Reclamation Service, and E. 
G. Lind, Field Inspector, the latter having had 
practical experience for several years in cost- 
keeping at the operations in Roosevelt, Ariz. Mr. 
Webster has served as chairman of a subcom- 
mittee of the President's Committee on Depart- 
ment Methods, and as such has taken the initia- 
tive in the preparation of what is known as the 
“Primer of Cost Keeping on Government Work.” 
The details of cost keeping, as shown by this 
litthe manual, are particularly adapted to work 
for the Government and are also suggestive for 
engineers in various lines of work, whether en- 
gaged in State, municipal, or corporate enter- 
prises. The attempt has been made to secure 
simplicity and to reduce as far as practicable 
the number of clerks necessary to produce a 
given result. In any such system it is, of course, 
absolutely essential to ascertain in advance what 
is the cHaracter of the results which it is de- 
sired to’ accomplish, and to lay down a scheme 


ENGINEERING CONSTRUCTION COSTS. 

There is no subject in which there has been such con- 
stant and growing interest within the last decade as in 
engineering construction costs. The importance of sys- 
tematic records of cost of work is fast becoming fully 
realized. The Reclamation Service, as well as modern 
manufacturers, contractors, and engineers in general, are 
initiating methods of obtaining this kind of information 
and are attempting to put it to practical use. 

The purpose of keeping such costs is two-fold: (1) 
it enables the engineer to adopt the most economical 
methods and to select, arrange, and operate his machinery 
and men in the most economical manner; (2) it enables 
him to estimate and analyze the cost of proposed work 
with intelligence and precision. Engineering construc- 
tion costs are, therefore, the fundamental data of esti- 
mates and execution of engineering work; and the engi- 
neer who tries to get along without them draws con- 
clusions without known premises. The almost inevitable 
results of such conclusions are extravagance and loss. 

For the first purpose, a sufficiently minute classification 
is requisite to give the engineer a clear conception of 
the results which are being accomplished, thereby en- 
abling a comparison of cost of work in one locality, or 
cost of any particular feature of the project with the 
cost of similar work, or of a similar feature elsewhere 
located. To fully meet this requirement, careful, but 


FIG. 2. 


for stating results so that the final outcome will 
have value; that is to say, the executive officer 
must determine as to what class of work or out- 
put he desires the accurate cost. If these matters 
are made too minute and an attempt is made to 
secure the cost of every little article, the results 
may be of very little value, and the cost of ob- 
taining these may far exceed the worth of the 
information. On the other hand, if the items 
are not sufficiently well classified the resulting 
totals are of correspondingly little use. 

Having determined the general character of the 
information which it is desired to obtain, the 
methods which are prescribed in the Manual of 
Field Accounting can be adapted to obtaining 
these results with the minimum of labor. There 
are, of course, a number of details which must 
be smoothed out in practice. It is to be noted 
that no system of cost-keeping will be successful 
unless it is used with intelligence. It is necessary 
to mix brains with the operations in this as well 
as in any other occupation. 

Copies of blanks [nearly a hundred in number. 
—Ed.] and of the Manual of Field Accounting 
can be had upon application to the Director of 
the Reclamation Service. 


[Some extracts from the “Manual” are ap- 
pended.—Ed.] 


MOTOR TRUCK OF WAGENHALS STEAM CAR. 


not too minute, classification is requisite. For the second 

purpose, information in detail carefully classified is re- 

quired, but indefinite duplication of results is of con- 
tinually decreasing value. 

To secure uniformity in the keeping of cost accounts, 
and to insure that cost-keeping is carried sufficiently 
far to be advantageous, and, on the other hand, to 
insure that it is not carried too far to be practical, the 
following rules should be observed: 

(1) Separate accounts should be kept for each project 
feature that is estimated to cost more than $1,000. 

(2) Features ranging in cost from $300 to $1,000 may 
or may not be treated separately, at the option of the 
supervising engineer, according to local condition; and 

(3) Small similar features, each estimated at less 
than $300, shall be grouped, unless special reason exists 
for treating one or more thereof separately. 

PROJECT, DAILY AND MONTHLY FEATURE RE- 
PORTS AND PROJECT ENGINEERS’ COST DATA 
CARDS. 

Engineers, superintendents, foremen, and others having 
charge of structural or building work of any description 
should send in to the project office a daily report show- 
ing the number and classification of men and animals 
employed on certain features of that work, the rate of 
pay, unit of cost, ete. This report should also include 
the cost of such items as sacks of cement, lumber, 
structural iron, and other material or supplies used or 
entering into the work. These figures can be obtained 
from the copies of the requisition blanks returned. The 
final results should then be shown—such as number of 
feet of pipe made, cubic yards of concrete placed, cubic 


yards of rip-rapping laid, or cubic feet of tunnel driven, 
and the unit cost. These statements should then be 
followed up with remarks as to distance from the nearest 
railroad point of shipment; weather conditions (extremes 
of temperature); labor conditions (difficulty of obtaining 
men, high or low price paid); road conditions (whether 
they are in good or poor shape for traveling, and likely 
to affect the costs of hauling of materials or supplies), 
and market conditions (inability to obtain materials or 
supplies on account of shortage, etc., etc.). In short, 
the remarks should be made so comprehensive as to 
take into consideration any condition, usual or unusual, 
which might contribute in any way to affect the unit 
cost—such as floods, fires, ete.; for, as this information 
will go later into the project monthly cost report, which 
is sent to the office of the Chief Engineer,* it can not 
be too compiete, for that office will send out cost data 
in comparative form to all projects, and unless these 
conditions are fully set forth the data would be of very 
little practical value. 

It has been found to be impracticable to furnish uni- 
form blanks for these feature reports. The work on 
all the projects is so diversified and the operations which 
are being carried on vary in so many different ways, 
the desires of individual engineers as to what should 
be the analysis of certain costs are so varied that it 
would appear best to have these forms mimeographed 
at the project offices and sent out to those who are to 
use them. In some cases, when the same class of work 
will be done daily for a long time, purchase orders for 
the printing of such blanks may be sent to the office of 


FIG. 


3. BOILER FOR STEAM CAR. 


the Chief Emgineer. These forms, if mimeographed 
locally, can be revised from time to time, at the instance 
of the project engineer ayd his cost clerk, after con 
sultation with those who are to use them. These daily 
reports should show not only the amount of work done 
each day on a particular project feature and give th: 
cost of the same, but act as a check on the timekeeper 
and show the project office whether the various engi 
neers, superintendents, foremen, and others are 
exercising good judgment in making requisitions on the 
storehouses, etc. These daily reports should, as far as 
practicable, be checked against the time books at the 
end of the month. They also enable the project engineer 
to watch carefully every item of cost entering into a 
particular piece of work and make it possible for him 
to stop excessive charges at any date without waiting 
until the end of the month. Daily feature reports from 
several projects have been printed as samples. 

These daily feature reports should at the end of th 
month be supplemented by a monthly feature report, 
which can be made up in the office. These reports would 
embody practically all the information contained in the 
daily reports and should be sent out to all engineers, 
superintendents, foremen, and others who are doing the 
same class of work. Such a plan has been found to 
engender a friendly spirit of rivalry among those con 
cerned which generally results in smaller cost and 
better work. 

Under the heading of monthly feature reports would 


[*Since the main part of the ‘‘Manual’’ was printed 
the title of the executive officer of the U. S. Reclamation 
Service has been changed to Director.—Ed.] 
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also be classed such comparative reports as subsistence 
and forage. Such reports should be based on an in- 
ventory which all camps or corrals would be required 
to turn in promptly at the end of each month. When 
these comparative reports have been made out, copies 
should be sent to each steward, cook, corral foreman, 
or others interested, generally with the result that costs 
are kept down. These reports are also necessary in order 
that the project may not be subsisting its employees at 
a loss of money. In cases where the cost of feeding 
either an employee or an animal is found to be excess- 
ively high, the attention of those responsible for the 
conduct of the particular camp should be called to the 
matter in order that abuses may be corrected. A few 
samples of monthly feature reports have been printed. 

Each project engineer should have on his desk a card 
cabinet showing such costs as subsisting various camps, 
feeding animals, concreting, excavating, and the many 
subdivisions of his project work. These cards may be 
arranged to show comparison by months of features 
finished or incomplete, etc., so that the project engi- 
neer may always be in a position to know at any time 
not only* what a finished structure has cost the project, 
but what one is costing from day to day. The cost 
clerk should see that the project engineer is relieved 
of any detail work in obtaining these cost figures, and 
that the engineer’s wishes are anticipated in procuring 
cost information. These cards should be accompanied 
by sketches and such notes as will explain readily any 
apparently excessive prices. Such a card system enables 
the engineer to issue frequent instructions to his sub- 
ordinates in regard to the cost or amount of their work, 
and also aids him in making special reports on certain 
project features to the Chief Engineer. These cost data 
are valuable not only to the local or project engineer, 
but also to the Chief Engineer, who is, on account of 
such data, better able to figure on work of a similar 
nature. 

The value of the cost data kept by the project engineer 
will depend largely upon the daily and monthly feature 
reports, and reference will have to be made to them in 
order to make out the monthly project cost report for 
the Chief Engineer, 

As in the case of daily and monthly reports; it has 
been found impossible to devise a form or size of card 
acceptable to all projects, and therefore these details are 
left to the project engineer and his cost clerk. Samples 
of cards used on certain projects have been printed. 

CONTRACTOR'S COSTS. 

The reasons for the determination of contractor’s costs 
are to furnish information in regard to (A) the profits 
or losses of the contractor; (B) the probable ability of 
the contractor to complete his contract; and (C) unit 
costs which are of value in determining estimates of cost 
and reasonableness of bids for future similar work. 

The plans outlined in the foregoing pages contemplate 
the handling of such cost accounts as the project engineer 
may desire to be kept, and where he has control of the 
organization this may be readily accomplished, but in 
obtaining costs of contractor's work, individual preference 
and ingenuity must largely govern the*method of pro- 
cedure. As a general rule it would be well to induce the 
contractor to use the forms prepared for the use of the 
Reclamation Service, to furnish him the forms without 
cost, and even to engage the services of his timekeepers 
in this work. Most contractors engaged in construction 
work for the Reclamation Service have no particular sys- 
tem of accounting, this being particularly true of such 
contractors as sublet their work, who are interested 
only in obtaining their particular profit. It will be 
difficult to get such a contractor to adopt an up-to-date 
accounting scheme; but where a contractor is not sub- 
letting his work, he may be only too glad to use the 
Service forms, particularly if it were made an object to 
him. Such a plan would work to the advantage of the 
contractor as well as to the Reclamation Service, as it 
would mean a direct check on his expenditures, and serve 
to save the contractor money. With the contractor who 
has his own system of accounting, however, it would 
be difficult to make any such arrangement, in which case 
the duties of timekeepers, inspectors, and others on this 
class of work, will be made much more arduous. A 
number of plans for obtaining this class of information 
have been formulated by members of the Reclamation 
Service, each one showing considerable thought and 
study, but differing in all essential features. Probably 
every engineer in the Service has some plan for collect- 
ing contractor’s costs, and the following, based largely 
upon all of these plans, is offered for consideration: 

A comprehensive method of cost keeping must be based 
on a logical analysis of the elements of cost pertaining 
to the work under consideration. The degree to which 
the analysis should be carried depends on the magnitude 
of the work. On small jobs a close analysis is both 
practical and desirable, but on large works of varied 
character, such as those being constructed by contractors 
for the United States Reclamation Service, in which the 
necessity for a method adapted to all items of classifica- 
tion of work exists, it is not advisable to enter into 
laborious refinement. For such engineering work the 
methods adopted by the Reclamation Service require 
the distribution of costs under the following heads: 


interest investment; preparatory expenses; plant deprecia 
tion; materials; supplies; executive; labor and engi- 
neering. These heads are defined to cover expenses as 
outlined below: (1) Investment interest. All charges 
for insurance, bond premium, and interest on cash and 
borrowed capital. (2) Preparatory expenses. All charges 
for the construction of roads, erection and drainage of 
camps, delivery and installation of plant and other ex- 
penses involved before the actual construction begins. 
(8) Plant. All charges for repairs, and the depreciation 
of all property employed in the operations by which 
the finished product is made, but which does not enter 
that product and is not consumed in such operations, 
excepting as to wear and tear. Plant includes real estate 
and improvements thereon, vehicles, animals owned, ete 
(4) Materials. All charges, including freight, for prop- 
erty that enters into and remains a part of the finished 
product. Materials often refers to raw material, but it 
should be noted that the finished product of one opera- 


tion, sometimes called stock, often becomes the raw 
material of a subsequent operation, and is then desig- 
nated in the latter organization as stores. (5) Supplies 


All charges, including freight, for property that is used 
upon and wholly consumed in the operations by which 
the finished product is made. (6) Executive All 
charges for salaries of superintendents, foremen, time 
keepers, clerks, watchmen, and for other general ad- 
ministrative expenses. (7) Labor. All charges for hire 
of teams and of skilled and common labor not classified 
in executive. (S) Engineering. All charges for salaries 
of engineers and inspectors. 

The distinction between materials, supplies, and plant 
is not always an easy one to make in advance of their 
use, though when the articles are actually employed in 
productive operations there should be no difficulty in 
deciding into which class any article should go. In 
some instances the same substance is differently classi- 
fled, according to the disposition that will be made of it 
Timber may be sawed into lumber and become material 
for the manufacture of furniture, or it may be trgns- 
formed into plant by the enlargement of the factory, 
or it may be cut into cord wood and become supplies for 
use as fuel. 

But whether it is easy or difficult in any case to draw 
the distinction between the three classes of stores, the 
reason for such distinction is sound. It is possible to 
measure the quantity of materials used in each article 
of the project, and there need be no estimate whatever. 
It is possible to measure the quantity of supplies used 
upon the product for a certain period, but an estimate 
is necessary in distributing such expense. It is im- 
possible to measure accurately depreciation or wear and 
tear of plant, and both the amount of such expense and 
its distribution must rest on estimates. It is plain that 
the most accurate results are obtained by so classifying 
expenses as to group those in which the elements of 
uncertainty and estimate are absent or at the minimum 
or at the maximum. 

In order to distribute the costs properly in this system, 
they should be charged directly to the items of the 
contract to which they apply, where possible, and should 
be otherwise prorated during the continuance, or at the 
completion of the contract. For the purpose of facili- 
tating the keeping of costs and of giving full value to 
the results, the contract items should be carefully classi- 
fied in specification schedules, so as to require bids on 
each distinctive class of work having a common cost. 

The collection of data for this method of cost keeping 
should be made by means of the time and material dis- 
tribution system. In the timebook several pages should 
be devoted to the records of a siygle contract item, the 
entries being made under the heads of Engineering, Ex- 
ecutive, and Labor. The timebook may also be used as 
a material book, in which charges against each contract 
item should be similarly made under the heads of Plant, 
Material, and Supplies, etc. 

The information contained in the time and material 
books should then be carried forward at the end of 
each day to the general classification book, and at the 
end of the month, the totals shown in this book should 
be carried to separate leaves in the same book, after 
entries have been.made for the monthly estimates, and 
unit costs have been distributed under the various head- 
ings. It may frequently happen that the cost keeper 
on contractors’ cost may be able to apply the principles 
of the account number system in distributing his costs 
in the general classification book; and when this is 
feasible, it should be done. If it is not feasible, however 
he should insert the names instead of the number, but 
this is left to his own discretion. 

In this general classification book accounts should be 
carried with each item of the contract, secondary charges 
being made under the proper heads hereinbefore men- 
tioned. Certain charges, such as those against invest- 
ment interest, preparatory expense, and portions of 
others, are necessarily carried forward en masse until 
the completion of the contract, at which time distribution 
is made among the items of the contract. The methods 
employed in collecting contractors’ costs are those which 
pertain to ordinary construction work with such varia- 
tions as may be necessary in each case. Statistics of 
productive labor, materials, and supplies are collected 


by inspectors Unit prices of labor, materials, and 
supplies may be assumed at market rates, or, if the 
contract requires it, as is frequently the case, the con- 
tractor may be requested to furnish these and other 
data which cannot be readily collected by inspectors. It 
may be necessary and desirable to estimate many of the 
details of such costs. For example, in the case of 
horses owned by the contractor, it is frequently more 
satisfactory to reckon the cost of their work on the basis 
of current rates for hiring animals rather than to de- 
termine the cost of maintaining them and to estimate 
depreciation, ete. 

While figures are always essential to the usefulness of 
cost data, it is recognized that a complete knowledge of 
the conditions affecting component prices is equally im- 
perative. The character of machinery, the conditions of 
labor, the geography of the work, the topography of the 
site of the work, the proximity of constructing material, 
the condition of the weather, and other similar circum- 
stances are all important matters for record. Entries in 
the time books of these elements of cost should, therefore, 
be made by the timekeepers. The costs as reported 
should be divided into two parts: (A) those which are 
determined accurately, and (B) those which are esti- 
mated. The accompanying explanations should be so 
complete that other persons using the data may be able 
to judge their value and the limits of their accuracy. 

In addition to keeping the field records, as outlined 
above, it is essential to keep the office of the Chief En- 
gineer informed of the monthly progress and cost of the 
work being done in the field. For this purpose blank 
forms have been devised. These cost sheets have been 
so designed as to make it possible to copy the informa 
tion required by them directly from the engineering costs, 
as shown in the general classification book. In the use 
of these forms it is imperative that each engineer be 
painstaking in filling out all of the details of each sheet, 
and in transmitting them as promptly as possible after 
the end of each month. 

At the completion of each contract the accounts of the 
items thereof should be closed after making the proper 
distributions of the various expenses on all of the items 
The office of the Chief Engineer should then be immedi- 
ately supplied with the resulting data. For the trans- 
mission of this information a blank form has been pre- 
pared. This form is intended to incorporate a report on 
and an analysis of the cost of one item of a contract, 
both the contractor’s cost, and the actual construction 
cost, a separate sheet, therefore, being used for each 
item of the contract schedules. 

After the completion of the various classifications for 
each month's business, the sheets can be taken out of the 
general classification book and filed for future reference, 
but the sheets kept in the back of the book should be 
left in the binder, unless the cost keeper desires to carry 
these records forward to a regular ledger form, the use 
of which is left optional with him, but it is not advised 

If, however, the use of any form of ledger seems ab- 
solutely necessary in collating contractor's costs, the cost 
ledger should be used. 


EIGHT T72-TON SINGLE-PHASE ELECTRIC LOCO 
motives have been ordered from the Westinghouse Elec- 
tric Co. for the Spokane & Inland Empire Railway Co., 
of Washington. This railway, which runs from Spokane, 
Wash., to Lockport, Idaho, a distance of 130 miles, was 
one of the first in this country to adopt the alternating 
current single-phase system. It began operations over a 
year ago with seven single-phase electric locomotives, 
operating express, local and freight trains, and the 
phenomenal growth of business is well shown by this new 
order for an additional equipment of eight locomotives. 


> 


A MOTOR TRAIN SERVICE has been instituted on 
the Dublin and Howth line of the Great Northern Ry. of 
Ireland. Instead of using the motor-car system, a small 
tank locomotive of the 4-4-0 class is used, coupled be- 
tween two specially-built cars, which are mounted on 
four-wheel trucks. The engine has cylinders 15 18 ins., 
Do-in. driving wheels, and a wheelbase of 17 ft. 7 ins 
The cars are 53 ft. long, with compartments for first and 
second class passengers and baggage. At the outer end of 
each car is a compartment for the engineman, the firoman 
being alone in the cab. The length of the line is 8% 
miles, and the trip is made in 22 minutes. The same 
railway operates a steam car on its Belfast and Lisburn 
line, making the 7% miles in 25 minutes, with five inter- 
mediate steps. The car is 65 ft. long over the buffers, 
having an ordinary car truck at one end and the steam 
truck at the other end. A vertical multitubular boiler 
is used, and the engine has outside cylinders, 12 x 16 
ins., with slide valves and the Walschaert valve gear. 
The wheels are 45 ins. diameter, with a wheelbase of 
S ft. This car seats 59 passengers of two classes, with 
a separate smoking compartment for each class. Coupled 
to the motor end of the car is a trail car 51 ft. long, 
seating 78 second-class passengers, the engine being con- 
trolled from an end compartment at each end of the 
train. The Gold steam heating system and Stone elec- 
tric lighting system are used. 
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REINFORCED CONCRETE RETAINING WALL DESIGN. 
By EVAN P. BONE.*® 

The earth pressure against a retaining wall is 
a very uncertain quantity. The laws of action 
of the forces causing earth thrust are so intricate 
and variable that it would take a very complex 
mathematical theory to cover the case and the 
approximate theories which have been devised, 
although beautiful from a mathematical point 
of view, give results ‘inadequate for practice. 
For this reason it has been the custom to design 
walis more by direct assumptions or “zood judg- 
ment” than by calculations, but the application 
of reinforced concrete to retaining walls calls 


where the pressure, and consequently the settle- 
ment, is greater under the toe, throwing the wall 
out of plumb and decreasing its stability. 


THEORY OF DESIGN. 


In accordance with the following theory, the 
table and charts for the graphical design of rein- 
forced concrete retaining walls which accom- 
pany this article have been prepared. 

To obtain formulas giving the proper propor- 
tions and size which a wall should have under 
these different conditions, the following symbols 
will be used together with those shown in Fig. 1.: 

H=Height of wall in ft. 
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for a more careful design. Even if it is not 
known what the earth thrust is going to be, it 
certainly is good practice to proportion the ma- 
terials so that all members of the wall will be 
equally safe. The use of a large quantity of 
material and a liberal expenditure of money do 
not necessarily mean a strong wall. The engi- 
neering problem is to make what material is used 
count for the most possible by designing the wall 
so that no part will be proportionally weaker 
than another. To do this it is not sufficient to 
assume a certain earth thrust and then design a 
wall making all members safe and say that it is 
a safe wall, for under another load than the one 
assumed, the stresses in the different parts of 
the wall may be altogether differently dis- 
tributed. It may even happen that a smaller 
load than the one assumed will cause greater 
stresses in some parts of the wall. It is therefore 
necessary to investigate the strength of the wall 
for every load under which it is required to stand 
and not simply for the maximum load, the calcu- 
lated load or any other specific load. 

The reason for first building reinforced concrete 
retaining walls was the economy of construction 
compared with gravity retaining walls of solid 
concrete or stone masonry; but a better and more 
scientific wall can be made of reinforced con- 
crete than of simple masonry, if proper care is 
taken in designing. By the use of a broad base 
and a reinforced concrete toe extending to the 
front of the reinforced wall to distribute the 
pressure on the foundation bed, the unit pressure 
can be kept well within the limits of the bearing 
power of the particular kind of earth on which 
the wall is built. Such flexibility of design is 
not possible with a gravity wall. In designing 
a gravity wall the resultant pressure must be 
made to strike the base within the middle third 
so that there will be no tensile stresses in the 
back of the wall. But in a reinforced wall this 
tension is cared for by the reinforced heel acting 
as a cantilever beam and so the resultant is not 
limited to the middle third, but may strike out 
near the end of the toe, when on a solid founda- 
tion. On the other hand, when the foundation 
bed is of a material liable to serious settlement 
the toe can be so extended as to cause the result- 
ant to strike the base in the middle. This will 
make the unit pressure on the foundation uni- 
form and the settlement the same all along the 
base. This is not possible with a gravity wall 


°Engineer, Concrete Steel Retaining Wall Company, 
1517-18 First National Bank Building, Cincinnati, Q. 


and the weight of the earth on the heel and the 
coefficient of friction between the concrete and 
earth. To obtain the length of heel (A) required 
to get the necessary weight 
or 


w 
The downward pressure caused by the friction in 
the plane aa’ is neglected but would increase P 


t—Length of toe in ft. 

A=Length of heel in ft. = @ on charts. 

W=Weight of wall in lbs., including weight of 
triangle rru in backing. 

w—Weight of one cu. ft. of backing multiplied 
by H. 

s=Maximum unit pressure on foundation bed 
in lbs. per sq. ft. 

$:—Ultimate bearing power of earth in lbs. per 
sq. ft. 

T=—Ultimate earth thrust for height (H) in Ibs. 

M=Overturning moment of wall under thrust 
F=Force of friction in plane aa’. 
P=W + wA + F=Total weight or downward 
pressure of wall and backing. 

p—Coefficient of friction of wall on foundation. 

pw’=—Coefficient of friction in plane aa’, 
All values are con- ” 
sidered for one linear , 
foot of the wall. 

A reinforced wall 
may fail (1) inter- 
nally (failure of con- 
crete steel beams) 
or (2) externally. It B/S 
may fail externally 
(a) by overturning 
or (b) by = sliding 


14 
bodily forward on 
the base. The ten- 
dency of a wall to 873 
slide forward must $ 
be resisted by a 
force equal to the > 
earth thrust against 8,34 
it and opposed to it 
in direction. In case 
the foundation bed 
is a solid materialas 60 
keyways can be cut NG. 
in the foundation 156° 


which will be filled 


Fig. 5. Section of Re- 
with concrete when taining Wall Erected 


the concrete is by Pennsylvania R. R. 
placed, thus making at Torrence Road 
base which will prevent sliding. When the foun- 
dation is earth or gravel it is necessasry to de- 
pend upon the friction between the base of the 
wall and foundation 'to resist the sliding. This 
friction is dependent upon the weight of the wall 


b=Length of base or footing in ft. SY Ld 
H 
77 
‘ 
' 
RN 
— 1 
al G ' 
K-37 ---5 0" 
Fig.2. Fig.4. 


when the wall tends to overturn. If a key be 
made below the base, the earth in front of the 
key would have to be pushed along with the wall 
if it should slide forward, thus producing friction 
of earth on earth instead of earth on concrete, 
the coefficient of friction of which is less. More- 
over the adhesion of the earth in its natural state 
exerts an additional resistance against sliding 
and the key would prevent a film of water from 
collecting between the wall and foundation and 
acting as a lubricant. Also the earth in front of 
the wall produces a resistance against sliding, 
but is often neglected. 

The tendency of a wall to fail by sliding might 
be compared to the shearing stress in a canti- 
lever beam and the tendency of a wall to fail by 
overturning to the stresses in a cantilever beam 
caused by the bending moment, where the pres- 
sure under the toe is like the compressive stress 
in a beam and the weight of the wall and back- 
ing takes the place of the tension in the beam. 
See Fig. 1. 

The earth thrust being considered to act at one- 
third of fhe height of the wall from the bottom, 
the overturning moment (VM) will be 

M=Tx— 

3 
This overturning moment must be balanced by 
a resisting moment of equal value. The two 
forces of the couple which gives this resisting 
moment are shown as P:; and Pz (Fig. 1) and are 
each equal to the weight of the wall plus earth 
on heel. Pi acts through the center of gravity 
of the wall and backing and Ps: through the center 
of gravity of the polygon mno. As the plane ma 
is incapable of resisting tension, the area of the 
polygon mno represents the upward reaction 
which the foundation exerts on the bottom of the 
wall. The unit pressure is maximum (8s) under 
the end of the toe and decreases to zero at n. 
For a wall of given weight and length of heel 
with a given overturning moment acting against 
it, P2 will take such a position as to give y the 

proper value to satisfy the equation 
M = Py (2) 

because the resisting moment, Py, must equal the 
overturning moment, M. As Ps is the resultant 
of the upward reactions along the base, one-half 
of the area of mno must lie on each side of the 
line of action of Ps. In order that 8 will not be 
greater than the bearing power of the earth, the 
toe must be extended far enough in front of Ps to 
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distribute the reaction. The total length of the 
base, from the Fig. 1 is 
b=JStiytL (3) 
the values of J, y, and L being found as follows: 
lL, the distance of the center of gravity from the 
back end of the heel can be found by taking 
moments about a, to be 
wA? 
W (2 + A) + — 

2 
= (4) 
P, the total weight of wall and earth on the 

heel, is 


2 W (2 + A) + wA? 


P=W+wA (9) 
If the friction in the plane adv’ (F = wp’ T), is 
considered, I’ will be 


T a) 
From equation (2), y can be found to be 
M 
(6) 
P 


If mno is a triangle the distance of its center of 
gravity from the end of the toe (m) is one-third 
of the length of the base (x) of the triangle, or 


J=— (7) 
3 
The area of mno must be P, so 
— = Por 
r 2P 
3 38 
From (7) J : (8) 
381 


Inserting in equation (8) the values found in 
equations 4, 6 and & 
M 2W(2+A) + wA’ 
b= — + (9) 
2P 

Formulas (1) and (9) give the proper length of 
base and heel that should be given a retaining 
wall. It will be seen that for a wall of given 
height acting under a given earth thrust, the 
length of base depends upon the bearing power 
of the foundation bed, the tot&al weight of wall 
and backing and the length of heel. 

FACTORS OF SAFETY. 

The problem in design to prevent internal fail- 
ure is to make the reinforced concrete beams 
composing the heel, the toe, and the upright por- 
tion of the wall (which might be called the 
trunk) of sufficient size to resist the stresses. 
These are simply cantilever beams and may be 
figured for the bending moment acting on them 
by the customary method used for reinforced 
concrete beams. The bending moment on the 
trunk of the wall is caused by the earth thrust, 
the resultant of which is considered to act at a 
point one-third of the height from the bottom. 
The moment would then be one-third of the 
height times the thrust. There seem not to be 
many experimental data regarding earth thrust 
against retaining walls, but what there are indi- 
cate that the actual earth thrust of a backing 
of a certain angle of repose and a certain weight 
is about one-half of that calculated by the cus- 
tomary formulas, as Rankine’s. This actual 
thrust ‘may be called the normal thrust as dis- 
tinguished from such abnormal thrusts as those 
due to freezing, ete. 

The bending moment in the toe is caused by 
the upward reaction of the earth acting against 
the toe. This force is represented (Fig. 1) by 
the part of the triangle mno directly under the 
toe. 

The bending moment in the heel is caused by 
the weight of the earth resting upon it, the force 
due to friction in the plane a@’ and the upward 
reaction of the earth, if any, under the heel act- 
ing negatively. This reaction is represented by 
the part of the polygon mno directly under the 
heel. 

An analysis of the stresses in the various mem- 
bers should be made to get at the factors of 
safety. The total factor of safety not only pro- 
vides for the abnormal pressures to which re- 
taining walls may be subject, as hydrostatic 


pressure or a thrust due to freezing, but also for 
uncertainties of the materials. The fact that the 
actual ultimate strength of the materials will 
probably not agree with the assumed values is 
accounted for by the “factor of ignorance,” 
which is one element of the total factor of 
safety. But if the actual value of P: differs from 
its assumed value, the neutral axis (n) will have 
a different position along the base from that for 
which the calculations were made and _ the 
stresses in the heel and toe may be altogether 


sible or probable limits which Pi may have and 
to determine the maximum stresses in heel and 
toe when FP; varies between these limits. The 
value of Pi is also very uncertain because it is 
partly dependent on the resistance to sliding (F) 
in the plane a@’ and this may be small or it may 
be very great, due to cohesion of the earth back- 
ing. The value of the limits of P: may be taken 
when F is zero and when F is maximum. There 
is no data by which the maximum value of F 
could be assumed with any degree of accuracy, 

but its maximum effect- 


ing paragraph. 

Having determined on 
the ultimate resisting 
moment of the _ trunk, 
_| the maximum overturning 
} | moment which the wall 
will stand before the 
| | | | failure of the trunk is 


then, to assume such a 


+ 
| known. It will be well, 
value for F that will pro- 


duce a resisting moment 


Thickness of Wall, Inches. ive valye can be found. 
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to overturning equal to 
the maximum overturn- 
ing moment and which 
will also produce a maxi- 
mum bending moment 


Distance from Top of Wall, Feet. 


in the heel. To get this 
value, reference is made 
to Fig. 3. The overturn- 
ing moment is 
M=%th(W+wA) + 
Ye F (10) 
Now as long as the neu- 
tral axis is at a point 
along the base, the force 
(F) acts downward as 
shown because the end 
of the heel tends to move 
upward and push _ the 
earth directly above it. 
As F increases n moves 


Eno. News. 


‘3o backward until it reaches 


FIG. 6. SHOWING THE DEPTH OF WALL REQUIRED FOR DIFFERENT ‘he end of the heel. Here 
HEIGHTS AND THE QUANTITY OF REINFORCEMENT FOR WALL the end of the heel 


OF ANY THICKNESS AT ANY DISTANCE FROM THE TOP. 


differently distributed. This complicates the de- 
termination of the factor of safety. 

This is illustrated by Fig. 2. Let the value of 
P: be represented by @P: and the ultimate thrust 
by aT. Then the resultant pressure would be 
aR and the reaction polygon mno. Now suppose 
Pi be increased slightly to a’P’1. The resultant 
would be a’R’ and the reaction polygon mn’o’. 
The moment in the toe is greater in the first case 
because the entire polygon mno is directly under 
the toe while in the second case only part of 
the polygon mmn/’o’ is directly under the toe and 
the total area of mn’o’ is but slightly greater 
than mno. Also the moment arm is greater in 
the first case. Neglecting the weight of the wall 
acting directly on the foundation the moment in 
the trunk must be equal to the sum of the mo- 
ments in the heel and toe at their junctures. As 
the moment in the trunk is the same in both 
cases, the moment in the heel increases as the 
moment in the toe decreases. Thus, it may be 
seen that the moments in the heel and toe are 
not maximum at the same time and that a slight 
variation in Pi may cause a very much greater 
variation of stresses in the heel and toe. 

The uncertainty in the value of P might be 
adequately covered by a factor of ignorance in 
the part it plays toward overturning or sliding; 
but owing to its effect on the stresses in the 
base, the heel and toe should be given a larger 
factor than the other parts of the structure. 
That is, more unutilized material is required in 
the base because the maximum stress might be 
in one part or in another, but at each place 
where it might occur there should be enough 
material to obtain the desired safety ‘margin. 
It would be difficult to judge what factor of 
safety should be given the heel and toe to make 
their chance of failure the same as that of the 
other parts. Therefore, it is best to fix the pos- 


ceases to move upward, 
the wall simply tending 
to revolve about it, so F ceases to act. Just 
before this occurs F has its maximum value and 
the forces will have positions as shown in Fig. 
3, where 
2b 2b 
y, = — — L, and y, = —— 
y 1 


Equation (10) becomes 


3 


2b 
M — — a) (Wt+wA) 
3 


F = (11) 
2b 


3 


We have now indicated how to determine the 
shape and size of a reinforced concrete retain- 
ing wall to obtain stability. To prevent sliding 
on the base, the heel must be made long enough 
to get sufficient weight of earth upon it. To pre- 
vent overturning, the base is made broad enough 
so that the earth under the toe will not crush. 
To get the broad base with a given heel, the toe 
is prolonged. To prevent internal failure, the 
reinforced concrete beams are made strong 
enough to resist the tension, compression and 
shear. 

It is not necessary, of course, to make the heel 
just long enough to resist sliding. It may be 
made longer if desirable, but this is usually not 
best. For example, in most cases a long heel 
and short toe mean more excavation than a 
shorter heel and longer toe because the ground is 
usually higher back of the wall. Also, when a 
wall is built on a foundation bed which is liable 


2b 2d 
ts) (W+wA) + F (10a) 
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to settlement, a short heel causes /; to strike 
the base further toward the back, bringing the 
resultant near the middle of the base, under 
normal earth thrusts. This makes a uniform 
pressure on the earth all along the base and the 
settlement is uniform. If the resistance to slid- 
ing on the base is produced by keys or the like, 
the necessary length of heel is not determined 
by the friction required and may be made less; 
but as the heel is changed in length the total 
length of base required is changed. The curves 


Length of Base (b), Feet 
A. Foundation Bed of Solid Rock. 


CHARTS FOR DESIGNING RETAINING 
WALLS. 

The accompanying table and charts were fig- 
ured from the above formulas for the most usual 
case. The earth thrust was taken for a backing 
of 100 lbs. per cu. ft. with an angle of repose of 
S4° (1% to 1) and without surcharge. A factor of 
safety of four over the maximum normal thrust 
(one-half the calculated value by Rankine’s 
Formula) was taken for the external forces. 
This is large for retaining walls-and gives a wall 


cated by some engineers. But as the weak part 
in a reinforced concrete beam is the concrete, 
due to careless workmanship in the field, it 
would seem more important to increase the 
quantity of concrete than steel. So a large fac- 
tor of safety was used and not such a large per 
centage of steel. Any other percentage can be 
used, however, without otherwise changing the 
charts. 

Fig. 6 shows the minimum or _ theoretical 
thickness of wall for any distance from the top 


ENG NEWS _ 


7 18 19 2 8 6 7 8 DH SMS BH RS 
Length of Base (b), Feet 
B. Foundation with Ultimate Bearing of 12,000 Ibs. per sq. ft. 


FIG. 7. CHARTS SHOWING LENGTH OF BASE REQUIRED FOR DIFFERENT LENGTHS OF HEEL AND DIFFERENT HEIGHTS OF WALL. 


given in Fig. 7 show the lengths of base 
required to produce the same stability to over- 
turning for different lengths of heel. It will be 
seen that within certain limits the base is of 
practically the same length. It is best to make 
the heel of such a length as will keep the length 
of base within these limits. 

There is another factor which might determine 
the ratio of the lengths of heel to toe and that 
is the economy of material; but more important 
things usually determine this ratio and this will 
not be discussed further than to state that the 
greatest economy of material needed to construct 
the footing is obtained when the maximum mo- 
ments in the heel and toe are about equal or 
when the moment in the toe is a little greater 
than the moment in the heel. 


The question of settlement was mentioned 
above, and it might be well to call attention to 
the fact that this is probably the most serious 
problem in retaining wall construction. Nearly 
all the failures of retaining walls seem to be 
due to the settlement of the earth under the toe. 
In most structures, as in buildings, the settle- 
ment is uniform and settlements of several inches 
or a foot may be allowed for; but in a retaining 
wall, the settlement being under the toe, the wall 
is thrown out of plumb, moving the center of 
gravity further forward and bringing still more 
pressure under the toe, causing more settlement 
and so on. In a gravity wall, the pressure under 
the toe varies about with the height; and if the 
designer finds that he must build his wall on a 
soft foundation bed, liable to settlement, he can 
help matters but little (except by using expen- 
sive piling) and makes essentially the same de- 
sign that he would for a solid rock foundation. 
As has been shown the reinforced wall can be 
made to correspond to the foundation bed on 
which it is to be built. 

In using the above formulas in cases involving 
settlement, 8s: (the ultimate bearing power of the 
earth) should not be taken as the pressure per 
square foot which would actually crush the 
earth, but should be taken as the pressure per 
square foot which would cause the maximum 
settlement permisssible. 


strong enough for the heaviest traffic, as along 
railroads or for a backing whose properties ap- 
proach those of a fluid. The friction in the plane 
aa’ was neglected in figuring external forces. A 
factor of six over the maximum normal thrust 
was taken in figuring the internal stresses of the 
trunk. One reason for giving this a greater 
factor of safety than the external forces is that 
the trunk may be subject to a pressure due to a 
collection of a thin column of water just back 
of it or to freezing; but these forces produce a 
greater friction in the plane aa’, which resists 
overturning and the tendency to slide on the 
base is resisted by friction on both sides of the 
heel. The ultimate strength of the concrete in 
compression was taken as 2,000 lbs. per sq. in. 
For the quantity of steel 0.7% of the area of 
the cross section of the beam was used. Since 
some recent failures of reinforced concrete build- 
ings a larger percentage of steel has been advo- 


TABLE GIVING LENGTH OF HEEL (A) REQUIRED 
TO PREVENT SLIDING FORWARD ON THE BASE. 
Height of --Length of Heel (A) 


Wall (H). ST. » = 

ft. ft. ft. 
8 2.9 2.3 
9 3.2 2.6 
10 3.5 2.8 
11 3.8 3.0 
2 4.1 3.3 
13 4.5 3.5 
14 4.7 3.7 
15 5.0 4.0 
16 5.3 4.2 
17 5.6 4.4 
18 5.9 4.6 
19 6.1 4.8 
20 6.4 5.0 
21 6.7 5.2 
22 7.0 5.4 
23 7.2 5.6 
24 7.5 5.8 
25 78 6.0 
26 8.1 6.2 
27 8.3 6.4 
28 8.6 6.6 
29 8.9 6.8 
30 9.1 7.0 
3 9.4 
32 9.6 7.4 
9.8 7.5 
3 10.1 7.7 
3 10.3 7.8 
36 10.5 8.0 
37 10.7 8.1 
38 11.0 8.3 
39 11.2 8.5 
40 11.4 8.6 


and also the amount of steel required at any 
distance from the top for any thickness of wall. 
The accompanying table shows the length of heel 
required for different heights of wall (Equation 
1), for w = .67 and wp = 8. 

For w = .67 the thrust can be resisted entirely 
by the friction on the base. However, when 
there is much solid earth in front of the wall, 
the results obtained with wu = .8 should be large 
enough. Fig. 7 gives the different lengths 
of base required for walls different 
heights and of different lengths of heel (Equa- 
tion 9). Fig. 7 (A) is for a wall built on solid 
rock and Fig. 7 (B) for a wall built on earth hav- 
ing an ultimate bearing power of 12,000 Ibs. per 
sq. ft., as clay or sand. Fig. 8 gives the mini- 
mum thickness of heel and toe and the amount 
of steel per linear inch of wall for any thickness. 
The dimensions for the heel and toe were deter- 
mined from the maximum moments which might 
act in each. To get the maximum forces acting 
against the toe for a given wall, the value of the 
friction is the plane aa’, was considered as being 
equal to zero and the curves for the dimensions 
of the toe calculated and drawn accordingly. 
To get the maximum forces acting against the 
heel the value of P: was taken as maximum, the 
maximum effective value of F being determined 
by equation 11. These curves for the heel are 
empirical, but in practical cases agree closely 
with the calculated values. The part on the 
left-hand side shows the toe. Knowing the total 
weight of wall and backing (J) and the bearing 
power of the earth, the correspondingly marked 
curve gives the minimum thickness of toe at any 
distance from the front end. To find the quan- 
tity of steel required for a certain thickness of 
toe for a certain distance from the end, take the 
point on the minimum thickness curve the same 
distance from the end and follow the line hori- 
zontally to the line cd in the middle part of the 
chart; then follow the curved line until a point 
is reached which has an ordinate equal to the 
actual thickness of the toe. The abscissa of this 
point will represent the area of steel required. 
The curves on the right-hand part of the chart 
give the minimum thickness of heel at different 
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heights of wall. The quantity of reinforcement 


the trunk. Then the toe will have a thickness of The pressures against the floor may be dis- 
for the heel can be found from the middle part 14 ins. as shown at j, Fig. 8, and giving it a tributed evenly over the slab or they may be 
of the chart in the same way as for the toe. thickness of 8 in. at the end, the thickness of all concentrated in one part, depending upon a nar- 
‘ To explain the charts more fully; take an ex- parts would be represented by the line ji. To row strip of the slab to resist a force equal to 
. ample of a wall 20 ft. high, built on a clay foun- get the amount of reinforcement at a distance of the entire weight on the wall for the entire panel 
dation with ultimate bearing power of 12,000 3.1 ft. from the end, start at the point j’, which length. This necessitates the use of a large 
Ibs. per sq. ft. From Table I. it is seen that with represents the theoretical or minimum thickness quantity of idle material. Many _ counterfort 
uw —= .8 the heel for a wall 20 ft. high must be 5 of the toe at 3.1 ft. from the end and follow the walls have been designed, apparently, for only 
ft. long. Referring to the right-hand side of line of 8S in. to the point k’ in the line cd. Then one load, resulting in a wall which will not be 
] Fig. 8, the depth of heel is found from the follow the curve intercepted, until the actual safe under other loads and loads which are just 
> curve, H = 20 ft. at a point (g) 5 ft. from the thickness of the toe is reached. This point I as liable to come upon it as the assumed load. 
end of the heel to be nearly 14 in. Suppose it gives the required reinforcement which is 0.05 This handicaps a good kind of construction, 
is desired’ to taper the heel to a thickness of 8 in. sq. in. per linear in. Using 5¢-in. sq. rods, this for the layman who sees one reinforced wall fail, 
at the end. The line gh will represent the thick- requires a spacing of 7%, in. The required rein- naturally concludes that they all may fail. More- 
ness at all points. To get the reinforcement, forcement for any point in the heel or toe can be Over, a reinforced structure of this kind acts as 
follow the horizontal line from g to k in the line found in the same way. a monolith on the whole and the positions of 
cd in the middle of the chart. As at this point Fig. 4 gives a cross section of the wall just the tensile stresses must be determined for all 
the minimum or theoretical thickness of the calculated. It might be of interest to note that of the different loadings. For example, the slabs 
beam is identical with the actual thickness, k with a normal earth thrust against this wall and act as continous beams and not as simple beams. 
represents the amount of reinforcement, which neglecting friction in the back, the resultant will At the juncture of the floor and face there is also 
can be read at the bottom of the chart to be strike the base in the middle and the pressure a continuity which produces stresses at right 
nearly 0.10 sq. in. per linear inch. Using *4 in. on the foundation will be uniform. angles to the longitudinal stresses. These re- 
square rods, this requires a spacing of 5% ins., Sometimes the location is such that it is im- quire, besides the longitudinal rods on each side 
| ce, toe possible to make a toe. To get the length of of the slab at proper places, a vertical and hori- 
As the heel is 14 ins. thick the length of the base in this case, draw a line l’p’ [Fig. 7 (B)] to zontal system of rods at right angles to the 
trunk will be 14 ins. less than 20 ft. or nearly the right of and parallel to lp, the horizontal longitudinal rods. If all of these stresses are 
19 ft. From Fig. 6 the required thickness of distance between the two being equal to the not provided for, dangerous or at least disfigur- 
the trunk for 19 ft. is about 18 in. Making the’ thickness of the trunk at the base. The intersec- ing cracks will occur. Also, the shearing stresses 
wall 8 ins. thick at the top, the line ef represents tion of l’p’ with the curve will give the length of must be provided for and resisted, while in a 
the thickness of the trunk at all points. From base. Thus in the 20 ft. wall l’p’ intersects the T-wall, using cantilever beams, the shear is 
the reinforcement curves it is seen that about curve for H = 20 ft. at a point which gives the always taken care of in providing for the bend- 
0.13 sq. in. per linear in. of steel is required at length of heel as 8.5 ft. and the total length of ing moment. 
the juncture of the trunk to the base. If 3-in. base as 10 ft. However, with sufficient care a good counter- 
sq. rods are used, this means a spacing of 4%4 Fig. 5 shows the cross section of a wall recent- fort wall can be designed, and with a saving of 
in. ¢ .to ¢. ly erected by the Pennsylvania R. R. Co. It is concrete over a T-wall. Such a saving of con- 
Further up in the wall the quantity of steel much higher than the example given above, and’ crete, though, does not impress the contractor 
may be decreased, and so it is not necessary to although for slightly different data, than those as it may the designer. Besides the network 
carry all of the rods all of the way up. Suppose to which the accompanying charts apply, illus- of rods in all directions to be put in place and 
it is desired to drop out one rod in four. This trates well the dimensions required for a wall of kept in place, the forms for a counterfort wall 
24 will leave an average spacing of 5.7 in. and a_ such a height. are much more costly than for a T-wall. The 
quantity of 0.10 sq. in. The point at which this It is often found handy to have the wall large forms for a counterfort wall have actually been 
may be done is found by the intersection of ef enough to let a man get inside of the forms. known to cost the contractor more than the con- 
with the reinforcement curve marked 0.10 sq. in. Then the wall might be made 12 in. thick at the crete put into them. The forms for a T-wall 
to be 17.3 ft. from the top. The points at which top and reinforced accordingly. Such details in cost no more than those for an unreinforced wall 
Ly each of the remaining two rods in four may be design, although they may require more con- of the same height. The relative cost of forms 
1]. dropped out can be found in the same way. crete, often make the construction cheaper. and concrete varies somewhat in different locali- 
el Care should be taken to always immerse the rods Retaining walls are often built in places where’ ties where the cost of material is different and 
yn a sufficient distance to develop their strength. it is necessary to contend with running water’ this point is best shown not by discussion but by 
To get the length of base reference is made to and springs. In cases of this kind it is well to competitive bidding in each case. 
ly Fig. 7 (B). For the curve representing H = 20ft. use a surplus of concrete in the footing. It should be borne in mind in designing rein- 
sia and for a length of heel of 5 ft. the total length WALLS WITH COUNTERFORTS. forced concrete retaining walls, that, although 
ll, of base is 9.6 ft. The heel 5 ft. long and the The foregoing discussion has been confined to the great saving is made by using earth as a 
se trunk 18 in. or 1.5 ft. thick leave 3.1 ft. for the a wall having an inverted T-shaped cross section, weight instead of concrete, retaining wall con- 
hs length of the toe. The total weight of wall and but the same principles for the external stresses struction is different from floor construction in 
nt backing (P) can now be approximately computed can be applied to the counterfort wall. As to the that the weight of the beam itself is an aid to 
a- to be 14,000 lbs. From the left hand side of Fig. internal stresses, each force must be carried from stability. Thus the decreased dead load obtained 
id 8 it will be found that the thickness of the toe its point of application to the counterforts or by slab construction does not give the advantage 
_ for P = 14,000 at 3.1 ft. from the end must ribs by means of longitudinal reinforcement. to retaining walls that it does to floors of build- 
er be about 10 in. (interpolating between P = 10,000 This results in a slab construction in the face ings or bridges. Also, the greatest pressure 
1i- and P =20,000). and floor of the wall. The slabs will be subject against the trunk is next to its juncture to the 
nt In construction it is convenient tohave the heel to amazingly different stresses under different base. This is adapted readily to cantilevers and, 
3S. and toe the same thickness at the juncture with loads which may come upon the retaining wall. in fact, vertical rods must be placed in the back 
he 2 
the 5 
his € 3 4 5 6 8 20 I5 05 
ea Distance from End of Toe, Feet. Area of Steel per lin. Inch, Square Inches. Distance from End of Heel, Feet. Eno News. 
art FIG. 8. CHARTS SHOWING DEPTH OF HEEL AND TOE REQUIRED AND THE QUANTITY OF REINFORCEMENT FOR ANY DEPTH OF HEEL OR 
ent TOE AT ANY DISTANCE FROM THE ENDS. 
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of the curtain or slab for some distance up even 
if counterforts are used. In cascs of the settle- 
ment of the foundation bed, the advantage of 
the reinforced toe should not be overlooked. But, 
above all, whatever the type of wall, the various 
stresses under different loads must be provided 
for. 


EARTH DAM OF THE SUGAR LOAF RESERVOIR IN 
COLORADO.* 
By R. M. HOSEA.f 

The Sugar Loaf reservoir, owned and operated by the 
Colorado Fuel & Iron Co., is locateé about five miles west 
of Leadville, in Lake Park, on the Lake Fork of the 
Arkansas River. It occupies the bed of an ancient lake 
at the base of Sugar Loaf mountain. The mountain 
slopes are well timbered with second-growth spruce, pine 
and balsam, and have a grassy flower-covered carpet, on 
which the winter snows lie until late in the year. The 
lake elevation is about 10,000 ft. above sea, and in con- 
sequence the melting snows do not begin to run off in 
any considerable volume until June. The drainage area 
reaches back to the summits of high mountains 14,000 
ft. or more in elevation, and on which in the gulches 
and timbered slopes much of the snow lies all the year 
through. 

The Sugar Loaf reservoir forms part of the system of 
water supply for the Minnequa Works at Pueblo, which 
demand large volumes of water in the various processes 
of steel making. 
purposes, at blast furnaces and in condensing engines, 
where it is raised in temperature and then returned to 
the stream, thus being available for re-use below. 

The laws of Colorado provide for the storage of flood 
waters in reservoirs in times of plenty, which returned to 
the streams at later periods may be withdrawn at points 
many miles below in ditches, pipes or conduits, less a 
fixed discount for loss by evaporation and seepage. The 
channels of the streams are thus used as carrying con- 
duits, the process being under the direction of the State 
Engineer and his Water Commissioners, who fix the 
amount of deduction to be made from their observations 
and gagings of the stream in question. 

The contract was let, material delivered and work 
begun in 1902. The season was so far advanced, how- 
ever, that it was impossible to complete the work before 
winter, as at the altitude (nearly 10,000 feet above sea 
level) the snows begin in October and frost forms. How- 
ever, the base of dam was nearly completed and much 
of the preliminary work done. The work was resumed 
the following spring as soon as the frost was out of the 
ground and finished in September, 1903. In the following 
winter and spring water was stored under direction of 
Prof. L. G. Carpenter, then State Engineer, and the 
reservoirs nearly filled. This water was withdrawn, or 
nearly so, the following fall and winter (as some slight 
seepage had developed beneath the dam) in order to give 
opportunity for settlement and consolidation of the 
prism of the dam and the permeable material below its 
base. Such alternate raising and lowering of the water 
level has since been carried out each season. The dam 
impounds 30 ft. of water, and there is ample spillway area 
at the north end, with an emergency spillway at the 
south end. 

The average annual rainfall at Leadville is 14 ins., as 
shown by U. S. Government observations, and the drain- 
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Most of this water is used for cooling ~ 


during the two seasons of survey and construction, show 
a discharge in the Lake Fork of the Arkansas River 
ample to fill the reservoirs built and proposed at least 
once each season. The maximum flow observed is some 
600 second-ft. in June; the minimum 6 second-ft. in Oc- 
tober, continuing until snow begin to melt in the fol- 
lowing May. 

Cloudbursts (so called) at this altitude and on the 
slopes of what may be called a secondary range of moun- 
tains protected from the direct meeting of mountain and 
plains air currents, are unlikely, but the location of this 
reservoir is such that immense damage would be done 
below it in case the dam were overtopped and carried 
out. Therefore, extreme figures have been used in pro- 
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Fig. 2. Balanced Inlet Valves for Discharge Pipes: 
Sugar Loaf Dam. 


viding outlet for the water in the outlet basin, and the 
spillways at the two ends of dam. 

Surveys of the flooded area, section lines, dam sites, 
etc., were made. A careful contouring of the flooded area 
for each 5 ft. depth followed, and calculation of ca- 
pacity for each 1 ft. depth by interpolation was made 
as required by State laws. As all surveys were 
referred to a base line and the method of latitudes 
and departures was used, it was possible by using 
prismodial formula to get capacities for each foot of 
depth to within a limit of error of 1%. Test pits at 
numerous points in the flooded area and at the dam site 
and a study of the locality disclosed the following: 

1. The valley was originally clpsed by a moraine or 
glacial deposit of clay and boulders through which the 
stream had broken. 2. The reservoir site was an 
ancient lake bed, underlain wholly or partially by a clay 
sheet 4 ft. or more thick, which extends partially under 
the proposed dam. 3. The material in the moraine and 
on the hillsides and in the vicinity generally was a clay, 
sand and boulder mixture, extremely favorable for dam 
construction. 

Borings at the outer or lower half of the dam showed 
the stream bed here to have an underlying deposit of 
fine sand of unknown depth, and indicated that the clay 
sheet should not be penetrated by any sheet piling or 
eore wall construction in the body of the dam, but 
rather favored the making of a juncture with the clay 
sheet below by a clay lining of sufficient thickness and 
suitable construction placed upon the inner or water 
face of the dam. 

The entire area of the dam site was overgrown with 
willows and some trees, and in the lowest portion, ad- 
joining the stream, covered with 1 to 2 ft. of black muck. 
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(containing some boulders), and beneath which was the 
4-ft. clay sheet. The dam then was carried up in thin 
layers by depositing the clay on the inside face to a 
thickness of 20 ft.; then the next best material, and so on 
to the outside, where the poorest material was used. 
The whole was smoothed, sprinkled and rolled with a 
heavy Springfield roller, blending all together, the for- 
mation of layers being carefully avoided by depositing 
loads irregularly. 

After the base of the dam was built, it was found best 
both for economic results and speed to have the con- 
tractors install a small steam shovel and load into 
dump wagons. Grading machines were tried for a time, 
but the presence of boulders in borrow pits made their 
use inadvisable, and it was found most economical to 
load direct from the dipper of the steam shovel into 
dump wagons, which, with a little care, was done with- 
out undue wear and tear on the wagons. The cross- 
section (Fig. 1) shows the manner in which the different 
materials were blended together to form the dam prism. 
The filling in around the pipe and cross-walls was done 
by hand, tamping and puddling with water, and using the 
best clay material from the borrow pits. This was of a 
grade that might be termed potter’s clay, very fine, and 
when wetted and worked made a splendid puddle. 

Pipe Cradle.—This excavation was first stripped of 
vegetable matter, roots and muck and the underlying 
clay sheet exposed to a point about the center of the 
dam, where it thins out into sand of unknown depth. 
The trenches for five cut-off or cross-walls, about 21 ft. 
apart, were excavated 2 ft. deeper and wider than the 
balance of excavation, to more effectually check any 
flow of water along the surface of the concrete. The 
base consists of 48 ins. of concrete composed of the most 
compact mass that could be made with the sand, gravel 
and small boulders existing in the vicinity of the site, 
determined by experiment for each kind of aggregate 
used. For part of the work slag from the silver-lead 
smelters at Leadville was used instead of gravel or 
broken stone, but was not as satisfactory as the gravel. 
Both sand and gravel were from granitic formations and 
excellent in quality, although the sand was rather fine 
grained. Embedded in the base were seven lines of 85-lb. 
steel rails, placed about 3 ft. apart, and cross rails 6 ft. 
apart finished the upper surface. On this three lines of 
48-in. extra heavy cast-iron pipe with lead calked joints 
were laid, 7 ft. c. to c., on a grade of 0.5% sloping to 
the outlet basin. The pipes were then bedded between 
and at the outside in well-tamped concrete to the level of 
the center of the pipes and the top surface left quite 
rough and irregular. The cross-walls were brought up 
4 ft. above the tops of the pipes and projecting 2 ft. 
beyond the sides of the excavation into the solid ground. 
After removal of the forms, puddling clay was tamped 
by hand above and around the structure for 4 or 5 ft. 
and blended with the next best material, as described in 
the general construction of the dam. 

Inlet Basin and Valves.—At the toe of the inner or 
water face of the dam a concrete basin was constructed 
(Fig. 2), consisting of a back retaining wall in which the 
three lines of 48-in. pipe were embedded, and two wing 
or side walls with a concrete bottom. The back wall 
forms part of the concrete cradle supporting the pipes 
and extends below it to form a cut-off wall, and in the 
same manner the front wall and wings are placed well 
into the clay to cut off any water flow from the 30-ft. 
head when the reservoir is filled. The front and top of 
the basin are covered with a screen of iron bars to keep 
out drift or large fish. The front bars rest on an iron 
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age area of the Sugar Loaf reservoir is from 25 to 30 
sq. miles, as determined by the topographic atlas sheets 
of the U. S. Geological Survey. It 
observations on the above drainage area would show 
a considerably higher precipitation. Being on the west 
side of the valley, more and deeper snows fall in winter 
and more frequent rains occur in summer; this is a mat- 
ter of local observation. 

The run-off as determined by the gagings of the Lake 
Fork shown in U. S. Geological Survey reports, 1891-92, 
and the gagings taken by the Colorado Fuel & Iron Co. 

*Abstract of a paper presented before the Western 


Society of Engineers, Chicago, on April 3, 1907. 
tChief Engineer, Colorado Fuel & Iron Co., Denver, Colo. 


is probable that. 


Concrete Faving. 


R. M. Hosea, Chief Engineer. 


All this had to be removed, roots grubbed out and top or 
vegetable soil skimmed off. The latter was done by a 
light plowing and handling with slips. The surface was 
then benched or furrowed. The channel of the stream 
was diverted to one side and excavation made for the 
pipe cradle or concrete base for the outlet pipes. The 
north part of the dam was built first, and extended as 
far as feasible towards the gap at the south end in the 
following manner: Adjacent to the Colorado Midland Ry. 
the spillways were excavated and this material, exclu- 
sive of large boulders, was placed in the outer part of 
the dam section. -Borrow pits were laid out on the in- 
side of the reservoir site over a large area and stripped 
of all vegetable matter, exposing the clay-sand mixture 


Fine Sand 


CROSS-SECTION OF THE SUGAR LOAF DAM: COLORADO FUEL & IRON CO. 


base and interlock and are bolted through with top hori- 
zontal bars, the whole resting on a transverse I-beam, 
which is embedded in the concrete side walls at its ends. 
The bars thus present a smooth surface at front and top 
from which drift and trash can be readily raked when 
submerged. The front, side and back walls and the 
concrete bottom are reinforced with one or more sheets 
of No. 10, 3%-in. expanded metal. 

Supported on 85-lb. rails resting on piers in the bot- 
tom of the inlet basin, are three cast-iron balanced 
valves in T form attached by lead-calked joints to the 
bell ends of the 48-in. pipe lines projecting through the 
back wall, as shown in Fig. 2. Each valve has an upper 
and lower brass-lined disk horizontally mounted on a 
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brass-bushed shaft; these sest on lead-lined brass conical 
bearings and are operated by a rack and pinion move- 
ment to the shaft by means of a sector with grooved 
rim, carrying a chain which passes between the bars of 
grating and extends along the slope to the top of dam, 
as shown in Fig. 1. At this point it is operated by a 
screw and two-handled nut abutting against a strong 
wooden frame anchored in the ground. 

The motion of the sector is entirely below the bars of 
grating and the chain is protected in a trough or groove 
formed in the riprap face of dam on the 3 to 1 slope 
which flattens out to meet the top of the back retaining 
wall of the inlet basin. In this way the valves can be 
operated without interference from ice or drift or the 
necessity of a valve tower in the reservoir. The upper 
and lower disks of these valves are so proportioned that 
they tend to remain closed at ordinary stages of water, 
but are normally held open by the chains, the regulation 
of water outflow being controlled by three Rensselaer 
geared valves placed at the lower side of the dam next 
the outlet basin. The inlet valves were designed by the 
engineering department of the company from sugges- 
tions made by Mr. Gordon Land, an irrigation engineer 
of large experience in such work. They have been used 
with success under similar conditions on several other 
reservoirs constructed under the writer’s direction. 

Outlet Basin and Valves.—Outside the lower face of the 
dam, as shown by the sectional view, are placed three 
Rensselaer geared valves for controlling the outflow. 
They are enclosed in a concrete valve house with cor- 
rugated iron roof built over and resting on the concrete 
pipe cradle. The walls were built in forms, using 
one sheet of No. 10, 3\4-in. expanded metal in them, 
and a cement ceiling was constructed attached to a net- 
ting of light expanded metal fastened to the under sides 
of ceiling joists with 10d. nails or staples. Nails were 
driven into the sides of joists about 12 ins. apart and the 
8-in. ceiling formed around them and between the joists, 
embedding the netting %4-in. in the under face. A heavy 
block resting on the joist carrying a ring bolt over each 
valve and extending through the ceiling serves as an at- 
tachment for chain block should it become necessary to 
take down a valve for repairs. In such an event the 
upper balanced valves would easily shut off the water 
from any line of pips. 

This style of construction of valve house was adopted as 
being better and cheaper than brick work in that locality 
and to protect the valves against freezing in the cold 
weather of this altitude, about 10,000 ft. above sea level. 
Provision is made also for setting a stove, and banking 
around valves with saw dust, etc., if necessary in ex- 
treme cases. To further guard against frost the outlet 
basin is constructed as shown by Fig. 1, with a concrete 
lined bottom and three sides of log cribbing filled with 
rock and sand and double boarded with burnettized 
plank, with a calked oakum joint where it abuts against 
the end wall of the pipe cradle. This construction main- 
tains a water cover of 2 ft. over the ends of the outlet 
pipes at all times and prevents frost from entering the 
ends of pipes and reaching the valves. The basin serves 
also to retain the fish and to spread the outflow of water 
into a thin sheet falling over the three sides of the 
basing to the apron outside; thence it can run quietly to 
the stream below. 

Riprap.—The boulders from spillway and borrow pit 
excavation and from the slopes of the adjoining hills were 
hauled to the dam and the riprap facing or paving car- 
ried along concurrently with the progress of the dam, 
The amount and quality of this work is of prime import- 
ance at this locality, as there is a long exposure, about 
1% miles, for wave formation and the formation of ice on 
a full reservoir in winter is considerable. Owing to the 
sheltered locality, however, and the direction of pre- 
vailing winds the wave action is not so great as might 
be expected. The ice forms sometimes over 36 ins. 
thick, but usually melts quietly and thus far shows little 
tendency to dislodge the paving. 

The riprap is laid in three zones, a lower one resting 
on a base at toe of slope with maximum and minimum 
thickness of 15 ins. and 10 ins.; a middle zone with max- 
imum 12 ins. and minimum 8 ins, extending to the flow 
line; and an upper zone with maximum 6 ins. and mini- 
mum 4 ins., to top of dam. These merely indicate the 
quantities that were paid for, as the material composing 
the riprap is glacial boulders and fragments of broken 
boulders and the actual thickness as laid is greater. 
The boulders were laid to a fairly smooth top surface, 
supported on smaller stones where necessary and chinked 
with spalls, with the sides running the long way of the 
dam and ends breaking joints on the slope. 

Spillways.—The greatest known flow of the river is 
about 600 sec.-ft. during the season of melting snow. 
Any theoretic length of spillway based on these facts or 
on an assumed rainfall and run-off would give much less 
capacity than that provided. The theoretic requirements 
guide us to a minimum, which in this case has been ex- 
ceeded, and as much spillway capacity provided as a 
reasonable cost permitted. As the excavation for these 
was all used in the dam the cost was purely nominal. At 
the north end of the dam a favorable spot exists in 
ground composed of clay and boulders, where a level 


crest excavation 200 ft. long was made at high water 
level, elevation 10,226. Below the crest, a 1% grade to the 
surface, slopes into a natural hollow discharging below 
the dam. This part of the site is well grown with 
trees and willows which, with a rock-strewn surface, 
furnish ample protection from scour. To the north of and 
adjoining the 200 ft. an additional 100 ft. was excavated 
at a level 2 ft. higher, or 10,228. At the south end of the 
dam an excavation 100 ft. wide at the same upper eleva- 
tion was also made. 

The three lines of 48-in. pipe are each capable of car- 
rying 400 cu. ft. per second when the reservoir is full, 
and the flooded area is 818 acres at 30-ft. depth. The 
top of dam is 8 ft. above high water line. From this it 
is seen that the three lines of pipe alone more than suf- 
fice to carry any ordinary flow, as the usual spring melt- 
ing of snows produces about 350 to 400 cu. ft. per second 
and at such time the reservoir is being filled. Should 
the water from any cause rise 2 ft. above high water 
mark the spillway could then carry a sectional area of 
400 sq. ft., and an additional 2 ft. would add 800 sq. ft. 
to this, or 1,200 sq. ft. in all, making a discharge ca- 
pacity added to the pipes aggregating in all over 7,000 
cu. ft. per second, or more than ten times the greatest 
known flood, and this level would still be 4 ft. below the 
top of dam. Such a discharge would wash out all bridges 
below the dam. Owing to the immense damage that 
would be done by overtopping the dam and its destruc- 
tion of railway lines and other works below, these pre- 
cautions have been taken, which may seem extravagant. 


Ens.NEws, 


Engineer; W. D. Salter, Resident Enginecr, of the En- 
gineering Department of the Colorado Fuel & Iron Co 
Mr. Juno. Birkinbine, Philadelphia, was Consulting En 
gineer. All plans and construction were approved by the 
then State Engineer, A. J. McCune, and his successor in 
office, Prof. L. G. Carpenter. 


A ROAD-ROLLER DRIVEN BY A GASOLINE ENGINE. 


A road-roller operated by a gas or gasoline 
engine is one of the latest developments in the 
application of gas-engine power, and a number 
of special advantages are claimed for this ma- 
chine, most of which relate directly or indirectly 
to the elimination of the steam boiler. While 
quite new in this country, it is stated that 
rollers driven by gasoline engines are already 
in use by the government road departments in 
England and in France. 

The machine above referred to, which is now 
being manufactured by the Austin Mfg. Co., of 
Chicago, is shown in the accompanying cut. It 
is made in four sizes, ranging from 7 tons to 15 
tons in weight. 

In the 12-ton machine, the front roller (in two 
sections) is 3 ft. 6 ins. diameter and 3 ft. 4 ins. 


wide on the face. The rear wheels are 6 ft. 


The Austin Mfg. Co., Chicago, Builders. 


The flooded area contained considerable brush, dead and 
burned timber and some live trees. All the logs and 
brush were gathered into piles and burned during the 
progress of the work. The live timber or such as was 
needed was used in construction of outlet cribs at the 
dam. The bottom land flooded was covered with black 
soil which made the water somewhat black and offensive 
the first season of flooding. It has now cleared up and 
the water is of a deep, clear blue color, justifying the 
name of Turquoise Lake that has been given the reservoir 
by the railway, which has advertised it as a resort. 

The following features of the dam may be worth re- 
cording: 


Cu. Yds. 
Earth from borrow pitS........ceccccseercecers 96,762 
Earth from spillways 17,601 
Total 114,363 
Top soil wasted. 17,475 cu. yds. 
Riprap stone from excavation..... 1,500 cu. yds. 18,975 
Actual excavation put into dam 
Actual cross section of dam.........--eeeeeeeeee 


Shrinkage, 5,188/95,388 = 5.44%. 

It should be noted that the dam remained partly com- 
pleted through one winter and had a chance to becom? 
compacted, although it was thoroughly sprinkled and 
rolled during all the construction before and after this 
interval. 

The estimated cost of the dam, including the site, lands, 
materials, labor and engineering, was $127,655, and the 
final cost was slightly within this amount. The con- 
tractors were Clough & Anderson, of Colorado Springs, 
Colo. The work was done under the direction of the 
writer as Chief Engineer; W. M. Porter, Assistant Chief 


diameter and 18 ins. wide, and the machine rolls 
a track or path 5 ft. 10 ins. wide. The wheel 
base is 11 ft. The rear wheels have cast-iron 
tires which are bolted to the spokes of a 
wrought-iron spider, so that the tires can be 
easily renewed when worn. Holes in these tires 
provide for the insertion of studs when used for 
traction or hauling purposes (as shown), and 
of spikes when used for breaking up a road 
surface preliminary to repair and_ rolling. 
These holes are plugged when the _ engine 
is employed for rolling. An automatic scraper 
applied to each of the rear wheels’ keeps 
the surface clean, but is so fitted as to be forced 
back by any hard obstruction which might 
otherwise break it. These are turned down to 
clear the wheels when they are fitted with studs 
or spikes, as shown in the cut. The head of the 
steering fork has an _ oscillating attachment 
which allows for uneven movement of the roller 
in all directions, so as to prevent strain upon 
the main frame as the roller passes over ob- 
structions. 

Two heavy plate frames carry the entire mech- 
anism, and are supported on the rear axle, while 
at the forward end they are carried by the 
steering head on the fork of the front axle. 
A single-cylinder four-cycle horizontal gas en- 
gine is mounted between the frames and drives 
a crank axle having a flywheel at each end; a 
belt wheel can also be attached. A pinion on 


e 
n 
a 
n 
1. 
a 
& 

st 
i- 
e, 
ir 
nt 
n. 
ic 
a 
1d 
of 
he 
h. 
ft. 
he | 
ly 
he 
ad 
or 
el | 
nd | 

| 

ne 
to A j ad 

or \ | 

all | 

: A GAS ENGINE ROAD ROLLER. 
re 
ft 
of 
ep 
on 

7 


454 


ENGINEERING NEWS. 


Vol. 57. No. 17. 


the crank shaft gears with a spur-wheel out- 
side the frames, and from a pinion on the shaft 
of this wheel there is a train of gearing to the 
main driving gear on the rear axle. The usual 
type of compensating gear is employed in trans- 
mitting the power to the axle. The gears are 
of steel, with cut teeth, and the shafts have 
ample bearings and lubricating attachments, 
while all parts are readily accessible for in- 
spection or renewal. The arrangement is such 
that the center of gravity is very low, while at 
the same time there is a minimum clearance of 
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REINFORCED-CONCRETE CONSTRUCTION WITH RE- 
INFORCEMENT OF STRUCTURAL SHAPES. 


Concrete is now used in building construction 
either as a protective covering to a steel frame 
or as a primary unit reinforced by steel to take 
up tension. The former is the necessary result 


of a steel frame structure which must be pro- 
tected from the weather and fire; the latter is 
the development of a new material, to the ac- 
curate knowledge of which experience is adding 
interesting 


every day. An combination of the 


zi 


Longitudinal 


FIG. 1. SECTION 


Section. 
THROUGH FLOOR AND COLUMNS 


Transverse 
Section. 


IN SYSTEM OF REINFORCED-CONCRETE 


BUILDING CONSTRUCTION, USING STRUCTURAL SHAPES AS REINFORCEMENT. 


I> ins” above the ground. Friction clutches are 
single lever controls the starting, 
reversing motions, so that the en- 
gineman has the machine under immediate con- 
trol. The steering is effected in the usual way 
by chains attached to the fork of the front axle 
and wound upon drums controlled by gear oper- 
ated from the cab by a hand wheel. 

In the 12-ton roller a 25-HP. engine is used, 
and the maximum speed is about four miles per 
hour. There is a double speed gear (for two 
changes) operated from the engineman’s plat- 
form; in addition to this variable-speed device 
is attached directly to the governor, giving 
about 500) range of ‘motor speed. Thus the travel- 
ing speed of the machine is controlled by vary- 
ing the piston speed of the engine as well as by 
changing the gears. The engine cylinder is 
cooled by oil circulation, the oil being passed 
through large air-cooled radiators placed beneath 
the cab. This avoids all liability of freezing up 
in cold weather or during cold nights at the 
beginning and end of the working season. The 
cylinder exhaust is at the bottom of the machine 
and is fitted with a muffler of the baffle-plate 
type, so as to avoid objectionable noise and 
odor. The tanks have sufficient capacity for 
fuel for two days of ordinary work, and for work 
in the country, a tank wagon will hold a fuel 
supply sufficient for two or three months work. 

The roller can be used as a traction engine to 
haul a roadmaking outfit, or to haul a scarifier 
for breaking up the surface of old roads. It can 
also be used as a stationary engine to drive the 


used, and a 


Stopping and 


stone crusher, elevator and screen of a road- 
making plant. It will be seen that in a ma- 
chine of this kind there is no hauling of coal 


and water for the engine, no boiler trouble due 
to bad feed water, and no loss of fuel or time in 
banking the fire at night or building it afresh 


each morning. These matters are of importance 
on work both in cities and in the country, 
whether for municipal or contract work. The 


machine can be handled by any intelligent man, 
and: does not need to be entrusted to a licensed 
engineman. 


THE LARGEST GAS PLANT IN THE WORLD, now in 


course of construction at Astoria, Long Island, is de- 
signed to remove from Manhattan Island all plant 
except the mains and a few holding tanks. When 


the entire plant is finished it will spread over 400 acres 
of land and, in addition to the manufacturing buildings, 
will include a large number of model homes for em- 
ployees of the company. The six holding tanks (one of 
which been finished and running at one-third ca- 
pacity, is now furnishing Manhattan Island with a quar- 
ter of its supply) will each have a holding capacity of 
15,000,000 cu. ft. These tanks will have a diameter of 
300 ft.; they will reach down into the earth for 50 ft., 
and will tower above ground 50 ft. Up to this time the 
largest gas-holding tank has been one of 12,500,000 
cu. ft. capacity in London. 


has 


above-named methods is now being developed by 
Guy B. Waite, engineer of the Standard Concrete 
Steel Co., of New York City, who have already 
erected several large office buildings with this 
type of construction. 

In this system a steel frame is first erected of 
ordinary structural shapes and of a strength 
sufficient to bear in itself all the erection stresses 
of the building. Then around the members of 
this steel frame, concrete is placed in such a 
fashion as to form reinforced-concrete units, 
using the steel framework already in place for 
reinforcement. This steel frame is strong enough 
not only to stand wind and dead loads due to 
its own erection, but also to support the forms 
and green concrete until the reinforced concrete 
begins to act as such. 

Fig. 1 shows a typical cross-section through 
floor and column from which the method of con- 
struction is readily understood. The original 
girders and beams consist of small I-beams, 
usually from 4 to 5 ins. deep, entering into the 
columns and connected to them by bent plates 
and angles. The column itself consists of four 
angles latticed together, so designed as to form, 
when filled with concrete, a hooped reinforce- 
ment. The column detail is capable of variation. 


Sectional 


a correctly proportioned concrete beam and still 
have enough steel in the tension members to 
properly take all the erection stresses. The 
floors are laid upon the beams and girders in 
the ordinary method and reinforced with any 
of the rods or bars now being generally used. 

Especial attention is paid to the connection 
between beam and girder and girder and col- 
umn. Fig. 2 shows standard connections. It 
will be noted that each I-beam is riveted by a 
plate connection to the column angles and that 
all girders and beams in line are bolted together 
to ensure continuity of beam action. 

The shear reinforcement is held firmly in place 
in the web of the I-beam and is therefore not 
so liable to be bent and twisted from its de- 
signed place. The shear bars are spaced in the 
beams closer at the supports where maximum 
shear obtains and are left out altogether be- 
tween middle beams on the girder on account 
of the absence of shear between these two 
points. 

Figs. 3-5 illustrate the system as built in two 
commercial buildings in New York City. Fig. 3 is 
a view of the steel framework before any con- 
crete work has been started. Fig. 4 shows the 
beams in place with their shear reinforcement 
preparatory to putting in concrete and Fig. 5 
the work of concreting going on. In the ceiling 
of the floor shown in Fig. 5 the method of sus- 
pending the forms can be very well noted. The 
forms are all made in the shop, brought to the 
work in full size for each beam and hung from 
the beam by wire looped at the bottom to permit 
entrance of the cross-bars shown which support 
the forms. 

THE POLLUTION AND SELF-PURIFICATION OF 
NATURAL ICE.* 

In view of the recent general interest in the question of 
ice as a vehicle of transmission of disease, it is felt that 
a short statement setting forth our knowledge of the 
pollution and self-purification of ice, and demonstrating 
what dangers, if any, lurk in our public ice supplies and 
exert an influence in the transmission of typhoid fever 
and other water-borne diseases, would be timely and ap- 
propriate. 

To the average layman there are unfortunately many 
apparent vagaries in the field of sanitary science. His 
knowledge is usually gained only through the medium of 
the public press, and then frequently at the hands of the 
amateur sanitarian, who, with zeal greater than his wis- 
dom, promulgates opinions which are as likely to be 
erroneous as correct. 

Knowledge of the results of scientific investigations 
filters very slowly through the student and laboratory 
down to the average citizen. So it happens that the re- 
sults of investigations of ice 
conditions made twenty years 
ago, but which are now al- 
most entirely superseded by 
later tests, exist to-day in the 
minds of the people as little 
more than mere ‘“‘solidified 
delusions.”’ 

The examination of ice or 
water, or sewage, or foods, or 
of any other substance direct- 
ly of interest to the public 
health, must be made by 


Vertical Section A-B. Vertical Section C-D. 


FIG. 2. DETAIL OF COLUMN AND GIRDER CONNECTION REINFORCE- 
MENT OF STRUCTURAL STEEL SHAPES. 


A cast-iron or structural steel column may be 
substituted designed to take the entire stress 
coming down the column and covered with con- 
crete merely as a protection. 

The forms for concrete are hung to the I- 
beams and with these beams and U-shaped bars, 
running through holes in the webs for rein- 
forcement, the concrete beams and girders are 
formed. The company claims that the structure 
can be so designed, in accordance with the ac- 
cepted rules for reinforced concrete, as to give 


trained sanitary experts, and 
not by men who, although well 
drilled, are simply chemists 
and simply bacteriologists. 

Experimentation and inves- 
tigation along sanitary lines 
must take in consideration 
every varying condition, must 
continue over sufficiently ex- 
tended periods of time, must 
be under strict control, must 
not be subject to outside in- 
fluences urging the arrival at 
certain conclusions, and 
must formulate conclusions only after skilled interpreta- 
tion of results. 

The question of ice infection has been made the subject 
of special investigation and experiments for more than a 
quarter of a century. It was scientifically studied by 
eminent authorities abroad as early as 1871. Some twenty 
years ago it was studied in this country by Prudden, 
and later by Sedgwick, Clark, Mason and other eminent 
sanitarians and biologists. 


Connections of 
Beams to Girders. 
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News, 


*Slightly condensed from the leading article in the 
Bulletin of the New York State Department of Health for 
March, 1907 (Albany, N. Y.). 


‘ 
J 
| 
| 


April 25, 1907. 


ENGINEERING NEWS. 


455 


There are but a very few cases on record, either in this 
country or abroad, where intestinal diseases have been 
traced to ice as the vehicle of infection. Of these we 
must clearly distinguish between intestinal disturbances 
caused by decomposing organic matter and diseases such 
as typhoid fever or cholera caused by the specific germs. 

The first epidemic of disease directly ascribed to ice 
was reported by Dr. Nichols, of Boston, at the summer 
resort of Rye Brook in 1875. The illness was of a se- 
vere intestinal disorder, but was not typhoid fever. The 
milk and water supplies were found to be above sus- 
picion, The ice supply was discovered to have been cut 


occasion during which infection could have occurred. 
The water supply could not be questioned, but all of 
these officers had partaken of champagne mixed with 
iced water. The ice was taken from the town supply, 
which was known to be polluted. A further fact cited 
was that officers of different rank were served from dif- 
ferent menus and that the petty officers who did not 
drink the champagne escaped the disease. 

The attributed cause of the epidemic, as in the case 
of the St. Lawrence Hospital, leaves much to be explained. 
No mention is made, for instance, of the effect of this 
ice supply upon the residents of the town, who used it 


FIG. 3. VIEW OF SKELETON STEEL FRAMEWORK BEFORE CONCRETE 


IS PLACED. 
from ponds whose waters were rendered foul and pu- 
trescent from a mass of decomposing sawdust and marsh 


mud. The epidemic was confined almost exclusively to 
one hotel, but the fact that other cases occurred outside 
of the hotel, which used the same ice supply, seemed 
to strengthen the evidence as to the cause of the epi- 
demic. 

In 1878 Dr. Smart, of the Medical Department of the 
U. S. Army, attributed a small outbreak of malarial fever 
at one of our western garrisons to contamination of 
western streams by melting snow during the spring of 
the year. The water was found to contain much organic 
matter and according to Dr. Smart contained also the 
‘“materies morbi’’ of malaria, the alleged cause of the 
fever. [We now know that malaria is not spread in any 
such manner.—Ed.] 

In 1879 the State Board of Health of Connecticut re- 
ported a small epidemic of dysentery at a farm house 
where, out of eleven persons, eight were stricken, three 
fatally. The drinking water gave satisfactory analysis, 
but the soil surrounding the house was damp and pol- 
luted. The ice was taken from a small stream which 
was frequented by swine. Analysis of the ice water 
showed it to be highly polluted, though not necessarily 
infected. The investigators attributed the cause of the 
disease to this ice supply. 

Three years later there was reported by the same Board 
a single case of typhoid fever probably due to ice infec- 
tion. The patient had lived alone for several months in a 
house where the sanitary conditions were in no way open 
to suspicion. He had used freely ice that was cut from 
a pond into which drainage of three typhoid patients was 
discharged. The presumption was that infection was 
transmitted through the ice taken from this pond. 

In 1902 Drs. R. H. Hutchings and A. W. Wheeler re- 
ported an epidemic of typhoid fever at the St. Lawrence 
State Hospital at Ogdensburg, N. Y. In all:39 cases 
of the disease occurred under conditions which led the 
investigators to conclude that the use of ice taken from 
Oswegatchie River at a point where it had been con- 
taminated by dejecta from several typhoid fever patients 
was the primary cause of infection. It was alleged that 
lumps of dirt frozen in the ice showed, upon examina- 
tion, cultures that were true typhoid bacilli. 

It should be stated, however, that there were circum- 
stances associated with this epidemic that merit especial 
consideration as to ice contamination. The evidence that 
large and visible lumps of dirt were found indicated that 
the ice was either frozen when the water was in rapid 
motion, an unusual condition, or that infection may have 
occurred from extraneous sources, such as from infected 
shoes of laborers during ice cutting, flooding of ice, etc. 
That this may have been the more probable cause was 
strengthened by the fact that only one out of several ice 
houses filled with ice from the same source was in any 
way brought under suspicion. 

Finally, there was reported by Dr. Dorange, in France, 
a supposed ice epidemic at the military post of Rennes 
in the autumn of 1895. Eight lieutenants were taken 
ill between the 12th and 25th of December following a 
regimental banquet on Dec. 4. These officers did not live 
in common and a military banquet was the only common 


So plausible has been the theory that polluted or con- 
taminated water must produce an infected and danger- 


ous supply of ice that a-large amount of original and 
independent lines of investigation of the bacteriology of 
ice supplies have been carried on by eminent sanitarians, 
including engineers, biologists and chemists of consid- 


erable note. 

It will hardly be possible in the space here available 
to attempt to give in any detail the results of these im- 
portant investigations and experiments. In fact bibliog- 
raphy alone includes reports and treatises of some 130 


eminent investigators of unquestioned repute, dating 


with apparent impunity; nor is there mention of oysters 
in connection with the menu and the reasons for ex- 
cluding this as a possible source of infection. 

In reviewing these epidemics, which constitute the prac- 
tical evidence of an epidemiological nature upon which 
we are to judge of the dangers of ice infection, it ap- 
pears that it is a case of treading upon very thin ice. 
Out of some six epidemics of disease attributed to in- 
fected ice, in only one was the number of cases reported 
greater than a dozen. Four of them might be termed 
merely intestinal disorders, due to decomposing organic 
matter and not to specific germs. Of the two epidemics 
of typhoid fever, the circumstances connected with them 
were, as stated above, of such a nature as, judged from 
our present knowledge and later experimentation and ob- 
servations, to cast considerable doubt upon the alleged 
cause of the infection. 

After thus historically reviewing this class of evidence 
as to the real or supposed danger of ice in the trans- 
mission of typhoid fever and its allied water-borne dis- 
eases, we are now readily able to understand the factors 
and agencies that render harmless any infection that may 
have been originally present in any ice supply. We are 
also better able to understand why, notwithstanding the 
frequent polluted sources of ice supplies, the good people 
of this and other States have not succumbed to serious 
ice epidemics of typhoid fever. 


FIG. 4. VIEW SHOWING I-BEAM REINFORCEMENT WITH 


U-SHAPED SHEAR BARS. 


back as early as 1871, and the knowledge we have gained 
from them has been made the basis for practice in this 
particular field of sanitation. 


In general there are a great many conceivable ways that 
ice and ice supplies may become infected. The danger 
from many of these causes of infection may, however, 
be so remote or so infrequent as to hardly merit notice. 
There are, however, a few dangers associated with the 
formation of natural ice and the harvesting of ice sup- 
plies, as now generally practiced, which do merit con- 
sideration. 

The first of these dangers is the one due to the har- 
vesting of ice from polluted sources. This ice may be 
taken from ponds or rivers which have been polluted by 
sewage and may contain the germs of typhoid fever and 
other diseases. 

Secondly, ice may become contaminated during the 
period and operations of harvesting by filth which may 
have come from infected sources. The hands and feet 
of laborers or the hoofs of horses may be the channels 
by which infection may be transmitted to the ice, even 
after it has been taken from the water, and notwith- 
standing the purity of the water. 

Thirdly, ice may become infected from surface drain- 
age from the adjacent lands, during thaws. The water 
which has thus flowed over infected fields that may have 


FIG. 5. VIEW SHOWING CONCRETE IN BEAMS AND GIRDERS. 
FORMS SHOWN AT CEILING. 
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been fertilized or otherwise infected, may be carried on 
to the ice and settle and be frozen into it. 

Finally, ice may become infected from the exposure and 
handling incident to distribution of it in our cities and 
even within our homes. This may be by far the most 
serious mode of infection, for it leaves the time in- 
terval between infection and transmission too short for 
any counteracting influence of cold to be exerted. 

The reason for so small a mortality from ice infec- 
tion, or, indeed, of any of which we have authentic 
record, is due to a series of natural agencies or safe- 
guards that nature has bountifully bestowed upon us 
and which tend, by a process of successive elimination, to 
reduce or entirely destroy the bacterial or germ life that 
may have been originally present in the polluted water 
or have infected the ice after its formation, or even after 
harvesting. 

The first safeguard or influence which is active in the 
reduction of bacterial life is the well established phe- 
nomenon of subsidence and oxidation upon suspended 
matters, including bacteria in bodies of quiescent or 
slowly flowing water. This action, of course, will effect 
in the greatest degree the purification of ice harvested 
from ponds and lakes. It effects in a large measure, 
however, ice collected from rivers, and especially those 
in which the velocities are slow enough to admit of 
formation of ice of sufficient thickness to warrant har- 
vesting. For rivers of this class we may say in general 
that a removal of bacteria to the extent of from 50% to 
75% will be effected in a run of from 10 to 50 miles. In 
quiescent bodies of water this removal is correspondingly 
greater. 

The second agent in the self-purification of ice is the 
removal of suspended and dissolved matters which is 
brought about during the action of freezing. It is com- 
monly known as the ‘‘filtration process of freezing," and 
it effects not only the suspended matters, such as par- 
ticles of dirt and bacteria, but also chemicals that are in 
solution. This purification will vary somewhat with the 
degree of quiescence of the body of water during freezing, 
but will result in general in a reduction of about 90% of 
the suspended particles and bacteria. Of the chemical 
compounds the elimination will average about 25%, rang- 
ing from say 10% to 40 %, according to the constituent. 

Of perhaps the greatest influence in the self-purifica- 
tion of ice is the effect of low temperature upon the 
vitality and life of the bacteria themselves. It bas been 
found by nearly all observers that bacteria exposed to 
low temperatures near the freezing point very soon lose 
their vitality, and if exposed for a sufficient length of 
time are either killed or become so attenuated as to b2 
non-pathogenic, i. e., their vitality has been so lowered 
that they are unable to be sufficiently revived to produce 
This effect of low temperature upon the vitality 
of bacteria is proportional in a measure to the degree of 
cold, but of much more importance is the effect of the 
time of exposure. According to our best authorities, we 
may say in general that bacteria are reduced in number 
about 50% after exposure to freezing temperatures for a 
period of one hour; 90% after 24 hours; and practically 
100% after exposure from two to three weeks. The few 
that are not killed after exposure for say one month 
have become so attenuated as to be unable to produce 
disease. 

There is still another influence depending upon time of 
exposure that must not be confounded with the phe- 
nomenon of cold alone. This is the influence or destruc- 
tion of pathogenic bacteria when exposed or dissemi- 
nated through a body of water. It has been found that 
without special relation to temperature, pathogenic bac- 
teria are slowly killed when discharged into a body of 
water. This is probably due partially to the fact that 
water is not a favorable environment to most species of 
pathogenic bacteria accustomed to environment in 4a 
human being, and partially to the fact that when ex- 
posed to the ravages of other water bacteria they are 
soon destroyed. As to the fate of bacteria discharged 
into bodies of water, especially moving bodies of water 
like rivers, we may say in a general and perhaps con- 
servative way that over 99% are destroyed in from 30 to 
60 days. 

As a striking illustration of the influence of these self- 
purifying agencies and the effect which they have in 
eliminating infection from our natural ice supplies, we 
may take the case of an ice crop harvested from a rather 
polluted section of one of our rivers, which has, we will 
say, been stored in an ice house for a period of some 
months before its delivery to consumers. Let us assume 
that the original number of bacteria per ce in the river 
is 1,000,000, a number corresponding to % or % raw 
sewage. Let us further assume conservative figures of 
reductions or “efficiencies of purification,’’ corresponding 
to the four influences above described, of 50%, 90%, 99% 
and 99% respectively. 

Under these conditions and assumptions, then, we find 
that of the 1,000,000 originally assumed only 5 remain 
in the ice at the time of delivery to consumers. This is 
equivalent to a reduction of 99.95% of the bacteria 
originally present. Compared with the efficiency of our 
best municipal filters of the slow sand type, which in 
practice cannot be expected to give a removal of more 


disease. 


than 99%, we find that the combined efficiencies of the 
natural purification of ice exceeds that of the sand filter 
by some 200 times. 

It is thus evident why, as previously questioned, ice 
pollution has been robbed of its apparent dangers and 
why the records show so few, if any, cases of epidemics 
of typhoid fever due to this mode of transmission. These 
facts, while emphasizing the great immunity bestowed 
by nature, point, however, to the real dangers of ice 
infection with renewed force. There still remain, for in- 
stance, the infection due to handling and distribution; to 
surface pollution due to the perniciqgus practice of flood- 
ing ice to get a thicker crop; to surface pollution due to 
rains and melting snow washing pollution from side 
slopes on to ice that has already formed; and finally 
to the dangers of artificial ice when this has been manu- 
factured from contaminated water and delivered to con- 
sumers before the natural processes of purification have 
had an opportunity to become active or effective. 

It is for the removal of some of these possible or 
residual dangers, notwithstanding the high efficiency of 
natural purification, that regulations looking to the con- 
servation of our ice supplies become -desirable if not 
necessary. There are unscrupulous people in all trades, 
and it needs no proof to show that ice harvested from the 
vicinity of sewer outlets would be loathsome if not dan- 
gerous. In fact, even if there were no danger from such 
a procedure, there would still be an aesthetic objection 
to organic and other filth associated with polluted waters 
that make incumbent the forming of laws for the protec- 
tion of our ice supplies. 
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“FIG. 1. A TAPE LEVELING ROD IN 
USE ON SURVEYS FOR BOARD OF 
WATER SUPPLY, NEW YORK CITY. 


The [New York] State Department of Health is at 
present vested with no authority controlling the cutting 
of ice, and has no funds on hand with which to carry on 
such a work. The Department has had under considera- 
tion for some time the question of the control and reg- 
ulation of the ice business, and has prepared a measure 
which will be shortly introduced in the Legislature 
which it is believed will afford an effective supervision 
over the subject and will safeguard the public health 
from this source of danger. 


A TAPE LEVELING ROD AND ITS USE. 
By ARTHUR W. TIDD,* Assoc. M. Am. Soc. C. E. 


The sliding tape rod described in this article, 
by means of which elevations are read off 
directly, has been thoroughly tried out, both on 
preliminary work and construction, by over ten 
years’ experience, and has proven itself to be 
practical and economical. The Metropolitan 
Water Board of Boston, Mass., has given it a 
most thorough trial, using it almost exclusively 
on the construction of the Wachusett Reservoir, 
the Wachusett Aqueduct and the Weston Aque- 
duct. 

The principle is simple and the application not 
at allnew. Take any self-reading level rod, num- 
ber the foot and tenth marks from the top down- 
wards and set up so that the H. I. is the same 
value as the elevation of 
the bench mark; then 
all other readings taken 
from that set up are 
actual elevations. For 
example, if the bench is 
367.25, the level is set 
up so that the cross-hair 
intersects 7.25 on the rod 
when held on the bench, 
and if the ground rises 
a foot at the next shot, 
since the graduations in- 
crease downwards, the 
cross-hair will intersect 
8.25, and the elevation 


*Assistant Engineer, Board 
of Water Supply, New York 
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will be 368.25. Now, it is a rather tedious process 
to set up to the nearest hundredth, although by 
no means impossible; so, instead of moving the 
instrument up and down on the graduations, this 
particular rod moves the graduations up and 
down on the instrument. The graduations are 
painted on an endless tape moving over the face 
of the rod, by means of which any elevation can 
be brought to the cross-hair of the level. Of 
course, the numbers run downwards, and the rod 
has to be read downwards. 

The views and plan of details (Fig. 1) illustrate 
the general design. The rod is partly hollow and 
weighs 10 Ibs.; as it is only 1% ins. square, it is 
readily hand!ed with one hand if necessary. The 
tape is a siee! ribbon, painted white, with gradu- 
ations in black. The gage may range from No. 
30 B. W. G. to No. 34. It is usually graduated 
to show the tenth and half-tenth marks, the in- 
termediate hundredths being estimated when 
required. 

The rod is used for taking cross-sections, run- 
ning profiles, setting slope stakes and giving 
grades on construction. It is admirably adapted 
to the rapid running of preliminary railroad, 
aqueduct or highway lines, where it is desirable 
to know the actual elevation at all times. It 
finds a ready use for all kinds of work in the 
brush; it is easily distinguished and read through 
the leaves, and will stand rough handling. By 
its use the columns of foresights, backsights, rod 
readings, etc., are not required, and the laborious 
note-book reductions are entirely done away 
with, saving space and time as well as eliminat- 
ing the chances of arithmetical erfors. 

A case in point illustrating this economy may 
be cited in the stripping of the Wachusett Reser- 
voir. 

The stripping was measured by squares 25 ft. 
on a side, an elevation being taken at the center 
of each square before operations commenced and 
again after the stripping was finished. The en- 
tire area of over 7 sq. miles was laid out in large 
squares, 500 ft. on a side, and each given a 
number by which that square was designated 
throughout the work. Ordinary field note-books 
were provided for recording the original and final 
elevations, each double page ruled up to repre- 
sent a 500-ft. square divided up into the 20-ft. 
squares. Each elevation was entered in its 
proper place as fast as taken; and any shot du- 
plicated, left out or incorrectly called would be 
spotted by the recorder and rectified then and 
there on the ground. Two pages, then, served to 
record 400 shots. 

Under the other system of carrying columns of 
backsights, rod readings, elevations, etc., two 
pages would average about 65 shots, and it would 
take eight to cover a 500-ft. square. Errors and 
omissions in the field work would not be de- 
tected until the record sheets were plotted up in 
the office, too late, oftentimes, to correct them. 
The reduction of the notes increases the office 
work considerably, and the field work is delayed 
because the name of each shot has to be recorded 
as well as its rod reading. As the total number 
of shots reached 650,000, the saving was quite 
material. The regular parties consisted of an 
instrument man, recorder and two rodmen using 
tape rods, and it was not uncommon under 
favorable conditions to keep three tape rods busy. 

The Clinton Machine Works, Clinton, Mass., 
manufacture the rods to order; complete without 
the tape. Ledder & Probst, 9 Province Court, 
Boston, Mass., furnish the steel ribbon for the 
tapes, which have to be painted, graduated and 
fitted to the rod by the rodmen at odd moments 
and rainy days. Brass stencils are used for 
marking the numbers, each foot mark being on a 
separate stencil and the 2, 4, 6, 8 tenths all on 
one. 

As regards painting and graduating the tape, 
the following suggestions may be of value. Three 
coats of best white lead and oil paint will suffice 
for the ground work, each coat thoroughly dried 
and smoothed down with fine sand-paper. This 
seems to be the only material tnat is of sufficient 
elasticity and adherence to stand running over 
the rollers. Then, too, it is to be remembered 
that after a summer of hard usage the tape may 
have to be scraped and repainted and the rod 


itself given a coat of shellac and varnish. Such 
repairs, by requiring only ordinary materials and 
ordinary skill, become quite an inexpensive item. 
The tenth and half-tenth marks are ruled on with 
black oil or varnish paint with an ordinary right- 
line pen, using a steel tape graduated to hun- 
dredths stretched alongside for a guide. The 
numbers are outlined by going around the sten- 
cils with a soft pencil. For filling them in a No. 
2 artist brush will give good results. Begin with 
the six-tenths mark above the O and end with 
the four-tenths mark below the 20. One coat of 
any high-grade colorless varnish, using the con- 
sistency as it confes in the can, completes the 
tape. 

The right and left thread device for clamping 
the two ends of the tape togetner and bringing 
it to the proper tension must be put on care- 
fully and accurately to line, and the end of the 
tape turned over so as to bring a double thick- 
ness through the clamp. It is well to lubricate 
the roller bearings with graphite. When not in 
use the rod should be laid flat on the floor or 
supported non three or four brackets. 


LINING TRACK BY THE USE OF JACKS. 


The work of lining railway track is usually ef- 
fected by a gang of six to ten men with lining 
bars (half the men at each rail), the bars being 
stuck into the ballast and the men heaving on 
them simultaneously at the word of the foreman. 
The work is severe, and on branch lines with 
small forces, or on main lines at seasons when 
the section gangs are reduced, it is necessarily 


Wooden 
Lever 


| 
Fig. 1. Track Lining Jack. 


Buda Foundry & Mfg. Co., Chicago, Makers. 


neglected to a considerable extent until such 
time as the force is increased, or is temporarily 
recruited by men from other sections. In some 
cases a special or floating gang is sent to do this 
work in order to put the track in proper condi- 
tion. To obviate this difficulty by enabling two 
men to adjust track to line, and at the same 
time to do the work better and quicker than 
the ordinary lining gang, a special form of 
track jack has been devised which has a lateral 
travel on a bed plate, in addition to the ordinary 
vertical lift. 

The construction of the jack is shown in Fig. 


Fig. 2, 


Lining Track with Jacks. 


1. At A is the frame or pedestal of the jack, 
with lifting bar at B, on which is the claw or 
foot C to fit under the rail or tie. The horizontal 
bed plate D is of channel section, with a rack 
in the bottom and having ribs under the bottom 
which give it a grip in the ballast. The jack 
proper can be lifted off the base plate, and each 
part has a handle for convenience in carrying 
from place to place. The jacks are used in 
pairs, as shown in Fig. 2. The ballast is removed 
from between two ties to allow the base plates 
to be pushed under the rails and firmly bedded: 
each jack is then slipped into the grooves of its 
base plate and slid along until the foot C is 
under the rail and the frame bears against the 
edge of the rail. By means of the lever E work- 
ing in the upper fulcrum at F, and having a 
pawl G engaging with the rack on the bar B, 
this bar is raised until the ties are just clear of 
the ballast bed (but not enough to allow dirt to 
fall in beneath them). If the ballast is heavy, 
it may be loosened around the ends of the ties 
in the direction the track is to be thrown. The 
lifting bar is then held in place by a dog or 
latch while the lever E is removed and set at 
the lower fulcrum H, the lever being inverted so 
that the pawl G engages with the rack in the 
base plate. Then by working the lever the jack 
is forced along the base plate. With the two 
jacks worked simultaneously the track is readily 
thrown to line. When the required movement 
has been made, the lever is again set in the up- 
per socket, and the bar raised slightly to allow 
the latch to be tripped, thus dropping the ties 
upon their beds. 


Where it is not considered advisable to put 
one jack inside the rail, both may be set outside. 
In this case, both are used to raise the ties, but 
the one on the side to which the track is thrown 
becomes simply a carrier, the other doing all the 
work of forcing the track over. These jacks are 
available not only on open track but also in 
lining grade crossings which have been thrown 
out of line by the creeping of the rails, etc.; this 
is heavy work and would ordinarily require a 
large gang of men. They may also be used in 
wrecking work and in rerailing cars. When re- 
moved from the base plates they can be used as 
ordinary track jacks. The jack has a lifting 
capacity of 12 tons, and weighs 105 Ibs.; its 
height with the bar lowered is 24% ins., and the 
bar has a vertical lift of 12% ins. The frame 
and base plate are of malleable iron; the racks 
are of forged steel, with machine cut teeth, and 
the pawls, pins and bearings are of steel. The 
jacks are in use on a number of roads, and are 
manufactured by the Buda Foundry & Mfg. Co., 
Railway Exchange Building, Chicago. 


A 112-TON TANK ENGINE of the 2-8-2 class has been 
built for the Nevada Northern Ry., for use in the traffic 


between the mines and smelting plant of the Nevada Con- 
solidated Copper Co. The tanks extend on each side of 
the boiler from the cab to the smokebox, and have the 
inside plates curved to the outline of the boiler in order 
to increase, the width and capacity. On the right hand 
side, therefore, an L-shaped pipe is built into the tank 
to carry the reach-rod from the reversing lever and the 
upper end of the arm on the reversing shaft. The coal 
bunker is behind the cab. All the driving wheels are 
flanged, and the third pair are the main drivers. The 
spring rigging is connected to form two groups, 
including two driving axles and one truck. The boiler 
is set high above the frames, but the tanks keep the 
center of gravity moderately low. The engine was built 
by the American Locomotive Co., and its principal di 
mensions are as follows: 


each 


Griving’ 8% x 12 ins 

Height, rail to top of smokestack........... 415 ft. 2 ins, 
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A REMARKABLE TEST OF REINFORCED CONCRETE 
CONSTRUCTION. 


Reinforced-concrete buildings which remained 
uninjured even when tilted at an angle of about 
25°, and were eventually returned to their normal 
positions, form an interesting offset to the fail- 
ures of reinforced concrete buildings which have 
been recorded. The buildings which sustained this 
severe and remarkable trial are at the town of 
Tunis in north Africa; they are owned by the 
Societe Minoteries Tunisiennes, and were built 
last year by Odorico & 
Co., at a cost of about 


432 Outside Wall 
$300,000, They stand on 


resenting the overhang of the top above the base 
at the ground line: 1 in. at 7 a. m.; 3 ft. at 2 p. 
m.; 9 ft. at 6 p. m.; 9 ft. 11 ins. at 7 p. m.; 14 
ft. at 9 p. m., and a total of 17 ft. at midnight. 
The building turned around an axis at about the 
middle of its cross-sectional area, the level of 
the first floor on the high side being about 9 ft. 
above its normal level. The test loading was 
transferred to the high side, and supplemented 
by additional material, while excavations were 
made under the high side, as in the case of the 
other building. 


e 


132k Outside Wall 


the marshy ground 


occupied by the French 
town, and lying between 
the shore of the Medi- 
terranean and the hills on 
which the Arab town is 
built. The material is a 
very soft mud, and it is 
stated that many of the 
buildings of the town are 
t ilted in various di- 
rections, while the = sur- 
face of the ground rises 
in ridges due to the dis- 
placement of soft 
material. 

The buildings in ques 
tion are two five-story 


grain and (flour ware 


YA ENG. 


houses, about 45 x 100 ft. 132 ‘Outside Wall 
and DO 125 ft., respect FIG. 1. 
ively. These are para'lel 
to each other, and between 
them is flour” mill, 
112x112 ft., the three forming a channel shape 


AFRICA). 


in plan, but not being connected in any way. 
The middle building (mill) was not affected, but 
the two side buildings tilted outward as_ de- 
scribed below. A well 41 ft. deep was sunk 
without finding hard ground, and the foundation 
excavations were then made to a depth of 10 ft. 
No piles were used, but the column footings were 
connected by inverted arches 6 ft. wide to form 
a spread foundation. The foundation columns 
were 32 ins. square, and upon these, at a height 
of 30 ins. above the ground was built a frame- 
work of steel I-beams (from Italy). These were 
arranged in longitudinal and transverse rows, 
with diagonals, as shown in the sketch plan, Fig. 
1. Wooden forms were placed around these and 
filled with concrete well rammed. As to the de 
tails of the superstructure and the type of rein- 
forcement we have not been able to obtain in- 
formation, but it is evident that good materials 
were used and were properly handled. All the 
concrete for the buildings was mixed by hand 
and composed of 1 part of Boyer Portland ce 
ment (“Ciment Romain Boyer,” from Marseilles, 
France), to 3 parts of sand and gravel. Tests 
of briquettes composed of 1 part cement to 3 
parts sand (age not stated) showed an average 
tensile strength of 380 Ibs. per sq. in.; these tests 
were made under the direction of the engineers— 
Didier, Barsotti and Archer. About 2,500 tons 
of the Boyer cement were used in these buildings. 

In June, 1906, just after completion, one of the 
side buildings was observed to be settling along 
the outer long side, inclining outwards from the 
central building until it eventually came to rest 
at an angle of about 25°. As it did not collapse, 
and showed (as we are informed) no cracking or 
deformation, the engineers undertook to return 
it to its proper position. On the higher side was 
piled 4,000 tons of sand in sacks, 2,000 tons in 
the basement and first floor, and the balance in 
the upper floors; excavations were also made 
under this side, to allow the material to be easily 
displaced under this loading. In a few days the 
bui'ding was restored to the vertical position. 
In August, the building on the other side began 
to settle in the same way, along the longer side 
on the outer face. It was being loaded for test 
purposes, and a transit had been sighted upon 
it: the movement began when about 1,500 tons 
had been deposited on the floors, and the progress 
of the movement was as follows, the figures rep- 
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SKETCH PLAN OF STEEL FRAMING IN THE FIRST FLOOR OF 
THE REINFORCED-CONCRETE WAREHOUSE AT TUNIS (NORTH 
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The results were entirely successful as far as 
the straightening of the buildings was concerned, 
but the buildings are now 15 ft. to 18 ft. below 
their original levels. We are informed that in 
each case the entire mass was displaced as a 
monolith, all parts remaining intact in their 
relative positions; no cracks appeared and all the 
window openings remained in line. This is con- 
sidered as ample proof of the strength of the 
reinforced-concrete construction, the fault being 
im the foundations. Fig. 2 is an end view show- 
ing the three buildings and the “leaning tower” 


appearance of one of the tilted warehouses. Fig. 
3 is a general view showing the general design 
and character of the tilted building. For photo- 
graphs, and for particulars from which this de- 
scription is prepared, we are indebted to Mr. H. 
P. Fountain, 205 Ontario St., Chicago. 


NEW STREET RAILWAY REGULATIONS IN PRUSSIA 


Under the direction of the Minister of Public 
Works, and by request of the street railway com- 
panies, the government rules and regulations af- 
fecting street and local railways in Prussia have 
been revised and made more explicit, so as to en- 
sure less friction and trouble between the com- 
panies and the government authorities. Some 
extracts from these are given below, and are of 
interest as indicating the way in which public 
safety is guarded under government regulation. 
Particular attention may be called to the para- 
graphs relating to brakes, inspection and acci- 
dents. The police regulations are selected from a 
number which are recommended for adoption by 
municipal authorities, in order to ensure greater 
uniformity than that which exists at present: 


GRADES.—In general, grades shall not exceed 1 in 15 
(6.66%), but steeper grades for short distances shall be 
permissible if operating safety is demonstrated by ex- 
periment, 

TRACK.—Lines on public streets must be laid with 
girder rails or compound rails with guards or flanges 
high enough to give a running tread for street vehicles. 
In general, curves shall not be less than 49.2 ft. radius, 
and where the conditions permit, the outer rail should 
be elevated. On straight track the rail grooves shall be 
at least 1 3-16 ins. wide, but not wider than 1 9-16 ins., 
except that they can be wider on curves according to the 
gage. If they become wider through wear, the rails 
ean be kept in service until worn out. All rails, 
switches and other parts of the track on public streets 
must be so laid that they will not interfere with traffic. 

In conduit systems the conduit may be placed in the 
middle of the track or under one rail. The slot on 
straight track must not exceed 1 3-16 ins., and on curves 
1% ins. in width. 

The distance from the center of the track to the curb- 
stone must be at least half of the greatest width of the 
car. On turnouts and on double-track sections the dis- 
tance between centers of rails must be at least 16 ins. 
more than the greatest width of the cars. On curves 
this same distance must be observed where local con- 
ditions permit. 


BRIDGES.—Iron bridges maintained by the railway 


FIG. 2. REINFORCED-CONCRETE WAREHOUSE TILTED BY THE SETTLEMENT OF THE 
GROUND UNDER THE FOUNDATION. 
(Copyright, 1906, by Henry Wilson, Chicago.) 
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company must be examined at least every five years, 
and records of these tests must be kept. 

WIRES.—Span wires attached to the sides of houses 
must be provided with means for deadening sound and 
preventing rattling. 

POWER.—The railway company must at all times have 
sufficient auxiliary power to take care of extra heavy 
traffic and unfavorable traffic conditions without disturb- 
ing the operation seriously. In the case of damage to 
machinery, the reserve must be sufficient to maintain 
the schedule of a working day. If the railway has no 


must be placed once at each end and on each side; 3, on 
all cars, the weight of the car, including axles and 
wheels, and except such loose apparatus as may be 
needed for the equipment; 4, on freight and express 
baggage cars, the carrying capacity; 5, the time the last 
inspection was made. The interior and the platforms of 
passenger cars must contain a record, in addition to the 
car number, of the number and kind of seats in each 
compartment. 

INSPECTION.—The electrical apparatus on motor cars 
must be inspected every six months. The entire car 


FIG. 3. GENERAL VIEW OF TILTED WAREHOUSE. 
(Copyright, 1906, by Henry Wilson, Chicago.) 


power station, but purchases its power, these regulations 
apply to the station selling the power. 

WHEELS.—All wheels excepting those on the middle 
axles of three-axle locomotives and cars must have 
flanges. At speeds up to 15% miles per hour, these 
flanges, assuming they are used only on girder rails, 
may be worn down to %-in. in height and 5-16-in. in 
thickness. At higher speeds and with T-rails the size 
of flanges must conform to that fixed by the engineering 
commission for railways. The thickness of the wheel 
tires, where the weight per wheel is 3 tons, must be at 
least 54-in., and for greater wheel weights at least 11-16- 
in. On all other rolling stock the tires may be worn 
down to 9-16-in. 

COUPLERS.—All rolling stock, except construction 
cars, must have spring couplers at both ends. 

SCRAPERS.—Track scrapers must be used on all cars. 
Their height above the rails shall not exceed 2.5 ins. 
where all of the pavement is asphalt; 3.1 ins, where 
pavement is either asphalt or stone; and in no cases, 
even on outside lines, must it exceed 3.9 ins. 

BRAKES.—AIll motor cars must have at least two inde- 
pendently operating brakes; one of these must be me- 
chanical, such as air brake, electrical short-circuiting 
brake, or electro-magnetic brake. All cars, except freight 
cars, must have hand brakes. When more than one trail 
car is used the braking arrangement must be such that 
the motorman can apply all brakes throughout the train 
at once. Exceptions are permitted by the commission 
‘in certain cases where the operating conditions are very 
simple. Simultaneous train braking may also be required 
with one trail car if the traffic conditions are severe. 

All brakes should operate as noiselessly as possible, be 
actuated from either end of the car, and of such capacity 
that a car with full load on a dry rail at a speed of 6.25 
miles per hour may be stopped in a distance of 19.5 ft. 
from the point of the application of the brake-shoes. The 
commission reserves the right to make severer regula- 
tions when it appears necessary. 

Motor cars and locomotives must be fitted with ef- 
fective sanders. 

CARS.—The seating space to be allowed per passenger 
must be at least 1944 ins. wide, except that cross seats 
may be somewhat narrower when allowed by the com- 
mission. All cars must be lighted, and, if fitted for 
electric illumination, there must also be auxiliary light- 
ing. The commission can also specify when the cars 
must be heated. Eiwery car must be fitted with some 
means of signaling between the conductor and the pas- 
sengers and also with the motorman. 

Every car must have the following information clearly 
indicated on its exterior: 1, the owner; 2, the car num- 
ber, and, in the case of passenger cars, this number 


must be inspected throughout at least every two years 
and trail cars at least every three years. This form of 
inspection covers the raising of the car body from the 
trucks and the taking out of axles and bearings for 
testing their strength. Detailed reports must be made 
of such examinations and submitted to the inspecting 
officials. The date of this general overhauling must be 
marked on every car. 

If cars are operated at more than 12% miles an hour, 
the track must be inspected every day. At lower speeds 
the inspection must be made at least every three days. 
If the rails are in paved streets, the inspection periods 
will be prescribed by the official commission. 

SPEEDS.—The maximum speeds of trains, as a rule, 
shall be 19 miles for lines having a gage of 4 ft. 8% 
ins. or 3 ft. 3% ins.; 15% miles for lines of 2 ft. 6 ins. 
gage; 12.5 miles for lines of 2 ft. gage, and 9.3 miles for 
rack railways. Higher speeds are allowed only with 
the permission of the Minister of Public Works, if it is 
shown that the traffic conditions justify them. The com- 
mission reserves the power to enforce lower speeds where 
the traffic is very heavy or there are severe grades; 
or these lower speeds may be changed for definite pe- 
riods. The maximum speeds fixed are to be lower also 
at curves or other places where safety demands it. 

OPERATION.—Cars must stop at crossings and connec- 
tions of other street railways, unless there is a solid 
procession of soldiers, funerals, mail wagons or fire de- 
partment trucks. Aside from switching and stopping 
places, trains and individual motor cars must be at least 
65 ft. 8 ins. apart when traveling 10 miles an hour; 98 
ft. 6 ins. when running at 12% miles, 197 ft. at 15% 
miles, and 828 ft. at 19 miles, 

Motor cars standing on the track must be constantly 
in the care of one of the employees. The brakes must 
be applied, and on electric motor cars the controller 
handle must be removed. 

The operation of a street railway can be suspended 
for longer than 24 hours by the local police with the 
consent of the commission only under the following con- 
ditions: (A) When work must be done on or under 
the streets which will prevent the running of cars. (B) 
When on account of festivals, public processions or other 
reasons an unusual number of people would cause 
blockades at certain parts of the line. 

ACCIDENTS.—In case of accident, the management 
must conduct an examination to discover all the facts in 
the case and determine on the proper measures. Man- 
agers must make immediate reports of accidents in- 
volving death, or serious injury to persons, heavy dam- 
age to structures or rolling stock and of service inter- 
ruptions greater than 24 hours. Smaller service inter- 
tuptions and such accidents as involve no serious 


injury to persons or property, can be reported within 
such times as are set by the commission. The man- 
agement of the railway company must keep a record of 
all accidents and traffic interruptions in the order of 
their occurrence, giving the time, place, cause, and what 
was done in relation thereto. Jacks and other tools 
useful in accidents should be quickly obtainable. 

EMPLOYEES.—A record must be kept of all employees 
in outside service, including full name, age, place of 
birth, address, date of employment and discharge, and 
service number. This record must further contain a list 
of all penalties inflicted as discipline, together with 
other data which will show the technical ability and 
reliability of the parties in queston. These records must 
be submitted to the commission for inspection whenever 
demanded. 

Including days of rest, no motorman must work more 
than a monthly average of 10 hours a day, and con- 
ductors and brakemen not more than 11 hours. Under 
simple operating conditions the average daily work may 
be extended to 13 hours. Under no circumstances shall 
one shift be longer than 16 hours. Working shifts of 
such length are only permissible when no hard work is 
required and there are several interruptions for rest 
Every employee in the traffic service must have at least 


two holidays a month. Under simple operating condi- 
tions there need be only one holiday a month. A holiday 
shall be taken to mean an absence from service of at 
last 24 hours. The last condition may be modified 
somewhat on interurban railways with light traffic. The 


schedules for regulating the hours of work of all car 
service employees must be exposed in the offices of the 
management and placed before the commission on de- 
mand. The commission must also be informed at all 
time of the responsible managers of the railway compa- 
nies, even where the change is for a very short period. 

POLICE REGULATIONS.—Damage of street railway 
property, and anything that will interfere with the rail- 
way service is forbidden. 

Heavy wagons or drays must not be driven on the 
track in a longitudinal direction if there is sufficient 
room between the sidewalk and the track. 

When the warning signal is given by the car, all 
pedestrians, riders, drivers, cyclists and others must 
leave the track at once. This regulation does not apply 
to soldiers marching, funerals and similar processions, 
mail wagons and fire trucks. 

When a car stops, all vehicles and persons on horse- 
back must reduce speed to permit passengers to enter 
and leave the car without danger. 

No one is allowed to board a car upon which the con- 
ductor has placed a sign indicating that the car is full. 
Cars must not be entered or left on the wrong side. 


A LARGE HIGH-HBEAD WATER POWER PLANT in 
Europe was put into service a few weeks ago. The 
Brusio power plant, in northern Italy, uses the power of 
the Poschiavino, a tributary of the Adda River. A 
supply conduit about three miles long conducts the water 
from a small lake in the upper course of the river to a 
headbay, whence five penstocks lead down to the power- 
house. The head obtained is about 1,375 ft. Six turbines 
of 3,000 HP. each are installed. They were built by 
Escher Wyss & Co., of Ziirich, and by Piccard, Pictet & 
Co., of Geneva. Ultimately six more of the same size are 
to be put in, giving a final capacity of 36,000 HP. The 
polyphase current generated is raised to 47,000 volts pres- 
sure for transmission, the lines* having an aggregate 
Ingth of 100 miles. The power is utilized for an electric 
railway and for general supply in the territory north of 
Milan. The electrical machinery was built by the 
Alioth Co., of Basel. 


_ 


RAILWAY ADMINISTRATION IN CAPE COLONY.— 
South Africa has been reported upon by a special com- 
mission appointed by the colonial governor, Sir W. F. 
Hely-Hutchinson. The railways are owned and operated 
by the government, and the commission states that it is 
impressed with the necessity of removing the manage- 
ment of the railways from the influence of party polities 
without lessening the legitimate control which must be 
exercised by Parliament as the representatives of the 
taxpayers. It recommends the formation of an advisory 
board, composed of four members of Parliament and 
four persons appointed by the governor (who may or 
may not be members of Parliament). The Commissioner 
of Public Works or the minister intrusted with the ad- 
ministration of the Railway Department would be chair- 
man of the board. This board would advise the min- 
ister in regard to matters of general policy, rates and 
fares, works to be undertaken, expenditures and con- 
tracts. No proposal for a new line would be submitted 
to Parliament (or the legislature) unless first submitted 
to the advisory board and accompanied by a report of the 
board as to cost, revenue, traffic, etc. The board may 
recommend that the construction of new lines shall be 
conditional on contributions from the inhabitants and 
landowners specially benefited by such lines, the contri- 
butions being toward (A) cost of construction, (B) main- 
tenance and operation, (C) interest on capital, 
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DIAGRAMS FOR PROPORTIONING REINFORCED 
CONCRETE BEAMS. 
(With Diagrams on Two-Page Inset Sheet.) 

A compact diagram for facilitating the design 
of reinforced-concrete beams has been drawn up 
by Mr. A. H. Perkins, Engineer in the U. S. 
Reclamation Service at Huntley, Mont. It is a 
compound diagram, comprising (1) a_ set of 
lines giving the bending moment in a simple 


beam for any span and any load per foot of 
length and per inch of width; (2) a set of lines 
giving the corresponding values of breadth and 
depth of reinforced-concrete beam to resist this 


moment. This latter part of the 
based on the following unit values: 
c maximum compression in 
Ibs. per sq. in. 
s tension in steel 
n E, = Ee = 10 
percentage of steel = 0.95%. 
M moment capacity of beam b inches wide, 
and d inches deep, 


diagram is 
concrete = 600 


= 12,000 lb. per sq. in. 


100 
curve of concrete is as- 
between the straight line and the 


The 
sumed to be 


stress-strain 


parabola. 

The diagram is used as follows: 
to Fig. 2 on the supplement sheet]: The main 
horizontal of the diagram, figured along 
the base, reads Moment in inch-pounds. One of 
the vertical scales along the left, figured to w = 
uniformly-distributed load on beam per foot of 
length and per inch of width, in pounds, is to 
be used in connection with radial lines on the 
diagram representing various span-lengths, 
from 5 ft. to 30 ft. Any unit-load, as 30 lbs., 
earried horizontally to intersection with the 
actual span-length, as 12 ft., gives an abscissa 
(read on the scale at bottom) showing the max- 
imum bending moment, in this case 6,500 in.-lbs. 
A parabolic curve on the diagram enables one 
to read the depth of beam required for any mo- 


{Referring 


scale 


ment; thus, following up the vertical through 
6,500 in-lbs. to the curve and thence horizon- 
tally to the left, the vertical scale for h = total 


depth reads 9 ins. As shown by another vertical 
seale (for h — 4d), this 9 ins. allows for a depth 
of 1 in. of concrete below the center of reinforce- 
ment; that is, the effective depth required for 
the moment of 6,500 is 8 ins. Two horizontal 
scales along the top, in conjunction with a series 
of hyperbolic curves across the diagram, give 
the required size and spacing of reinforcement. 
The are for round rods and square 
rods, respectively. Thus, the 9-in. beam in ques- 
tion, if reinforced with %4-in. square rods, would 
require them to be spaced about 5% ins. apart. 
Finally, a fourth vertical scale gives the weight 
of beam per foot of length and per inch of 
width; in this case it is 10 Ibs. 

The diagram Fig. 3 is exactly the same as 
Fig. 2, but is drawn on a much smaller scale, 
to have a larger range. It covers spans 
up to 40 ft., depths of beam up to 52 ins. (48 ins. 
effective depth) and moments up to 300,000 in- 
Ibs. per inch of width. 

Example 1—Required a beam to resist a mo- 
ment of 1,200,000 in-lbs. Choose the width of 
beam, say 12 ins. Then the moment per inch 
of width is 1,200,000 + 12 = 100,000 in-lbs. 
Follow the vertical from 100,000 on bottom scale 
(Fig. 3) to the moment curve, thence horizon- 
tally to left, and read 34% ins. As shown by the 
sce for (h-d), this depth allows 3 ins. of con- 
erete below center line of reinforcement. The 
reinforcing rods, if 1-in. rounds are used, should 
be spaced 2% ins.); if 1-in. square rods, 3%4 
ins.; that is, five 1-in. rounds or four 1-in. square 
rods would be sufficient. 

Example 2.—A floorbeam spanning 12 ft. car- 
ries a floor panel 6 ft. wide, whose live-load is 
SO Ibs. per sq. ft. and dead-load about 20 Ibs. per 
sq. ft. The load per running foot of beam there- 
fore is 600 Ibs. Take the weight of the beam, 
for trial, as SO Ibs. per ft., giving a total load 
of GSO Ibs. Assume a beam 10 ins. wide; then 
the load per inch of width is 68 Ibs. On Fig. 2 
find 6S in scale of w, follow horizontally to in- 
with diagonal marked 12 ft., thence 
moment-curve, thence horizontally 


two scales 


So as 


tersection 
yertically to 


to left, reading 13% ins. depth, with 1-in. of con- 
crete below center of rods. The weight of the 
beam per foot is 14% lbs. x 10 = 145. This is 
more than assumed. Recalculate with a total 
load of 600 + 150 = 750 Ibs., or assuming a width 
of 10 ins., 75 lbs. per inch. The required depth 
is 18% ins. when h-d. is 1-in., or 14 ins. when 
the rods are 14% in. above the bottom of con- 
crete. The weight, 15 lbs., is the same as was 
assumed. Five %-in. square rods (spacing 2 
ins. for %-in. square rods) are the reinforce- 
ment. 

In the diagram Fig. 3 the rays representing 
span-lengths are shown heavy where the vertical 
end-shear exceeds 50 Ibs. per sq. in., and light 
where the shear is less than 50 Ibs. 


A DIAGRAM FOR OVERTURNING MOMENTS ON RE- 
TAINING WALLS FOR EARTH OR WATER. 
(With Diagram on Two-Page Inset Sheet.) 


A graphical solution of the Rankine retaining- 
wall formula is given by a diagram printed on 
the supplement sheet of this issue. It gives by 
a single reading the overturning moment, for 
any height of wall from 6 ft. to 50 ft., for earth 
of any weight from 10 to 120 Ibs. per cu. ft. and 
various slopes of repose from 1 on 1 (45° with 
horizontal) to 1 on 4 (14° with horizontal), or 
for water at 62.5 Ibs. per cu. ft. It is a complete 


Earth Backing 


Sliding Force 
angle of Repose 


Rock Backing 
Fig. 2. 
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substitute for computation in most cases of re- 
taining wall design or analysis, and in all other 
cases it can serve as a useful check on calcula- 
tion. The diagram constructed by Mr. 
Charles H. Hoyt,* late Assistant Engineer in the 
State Engineer’s Department, Albany, N. Y., and 
has been found by him to be a great time-saver 
in the large amount of retaining wall work re- 
quired in connection with the New York State 
sarge Canal, 

The diagram solves the formula 


was 


H 1 l-sing H 
M = P— = — w H? ———_ X — 
3 2 l+sing 3 
1 1 —sing 
= — w—— X H3 = C H3 
6 1+sin¢g 


where 
M = overturning moment at base of wall, in 
foot-pounds. 
H =height of wall, in feet. 
P = total horizontal thrust against wall. 
weight of backing, in pounds per cubic 
foot. 
angle of repose of backing, or angle be- 
tween surface of natural slope of back- 
ing and horizontal. 
The horizontal and vertical scales of the dia- 
gram are, of course, logarithmic, which enables 
straight lines to represent the individual factors 


*Civil Engineer and Superintendent of Construction, 
Fort Warren, Boston Harbor, Mass, 


of the formula. The main horizontal scale repre- 
sents overturning moments, the vertical scale 
represents the factor (@. As the quantities in- 
volved number more than three, two graphical 
operations are required, and these are combined 
in the one diagram by the help of a second hori- 
zontal scale, the scale of w, at the bottom. The 
auxiliary scale is used in conjunction with 
diagonal lines inclined downward to the rizht, 
extending across the diagram, and representing 
individual values of slope of repose. Diagonal 
lines sloping upward to the right represent 
heights of wall. The slopes of repose are ex- 
pressed not in degrees, as is often done, but in 
the form of “one (vertical) on 2 (horizontal),”’ in 
the same way as side slopes of ditches and em- 
bankments are currently described. 

The intersection of the vertical line through 
any value of w, weight of earth, with a diagonal 
for any specified value of slope of repose de- 
termines a horizontal line whose height above 
the base is C in the formula M = C0 H*. The 
multiplication of C by H*® is accomplished by 
following the @-line horizontally to an inter- 
section with the appropriate H-diagonal; the 
abscissa of this intersection, read by following 
vertically to the top scale of the diagram, gives 
the desired overturning moment. When the 
thrust is wanted, it can of course be found from 
the moment by dividing the moment by one- 
third the height of wall. 

Mr. Hoyt gives the following illustrative ex- 
amples. 

1. Wall 28 ft. high, backed with earth as- 
sumed to weigh 90 lbs. per cu. ft., slope of re- 
pose 1 on 1%. What is the overturning moment 
at base, and the sliding force? Find w = 90 on 
auxiliary scale along bottom, and follow the 
heavy dash line vertically to intersection with 
diagonal marked 1 on 1%. Thence follow hori- 
zontally to intersection with line marked H = 
28.0, thence vertically to top and read M = 
94,000 ft.-lbs. per lin. ft. of wall. The moment 
arm (Fig. 1 on this page) is L = % H = 914 ft., 
hence the sliding force is 94,000 + 9144 = 10,070 
Ibs. per lin. ft. of wall. 

2. If the wall were a dam, required to retain 
water 28 ft. deep, what would be the moment 
at the base and the total thrust? Follow the 
horizontal marked ‘Water at 62.5 Ibs.” to in- 
tersection with diagonal “H = 28.0,” thence ver- 
tically to scale at top and read M = 229,090 
ft.-lbs. per lin. ft. The thrust is 229,000 + 1; 2! 
== 24,500 Ibs. 

3. Case where toe of wall is below bottom of 
earth backing (Fig. 2). Wall 22 ft. high, nothing 
in front, solid rock 4 ft. high at back, 18 ft. of 
earth backing above, weighing 90 Ibs. per cu. ft. 
and having a slope of repose 1 on 1%. Follow 
vertical line from w = 90 to slope line for 1 on 
1%, thence horizontally to H = 18.0, thence ver 
tically and read M = 25,000 ft.-lbs. This is the 
moment at a level 4 ft. above base of wall. As 
there is no additional thrust below this point, the 
moment at base A will be 

L/ 6+4 
25000 X — = 25000 x —— = 41,670 ft.-lbs. 
4 6 


MOSQUITO PREVENTION BY DITCHING and drain- 
ing the Hackensack Meadows, west of Jersey City, is being 
carried on under the direction of Prof. John B Smith, 
Entomologist of the New Jersey Agricultural Experiment 
Station, New Brunswick, N. J. The work now in hand 
was begun about April 10 and it is expected that it will 
be completed by May 15. Hand labor was used at the 
start, but it was expected that ditching machines would 
be employed by the end of the second week of the work. 
At our request, Prof. Smith has outlined the work as 
follows: 


Our object in this ditching is to relieve the meadows of 
surface water. For that reason we make our ditches ap- 
proximately 30 ins. deep and from 10 to 12 ins. wide, 
with steep sides. These ditches run into the clay or 
mud and do not grow up from the bottom. They drain 
at all tides and almost immediately lower the surface 
water table from 6 ins. to 1 ft. This is sufficient to get 
rid of the great bulk of the breeding places on the 
meadows. The larger pools that are deeper than 1 ft. 
are either directly connected with the ditches so as to 
admit fish, or they are filled with the sods taken from 
the ditches. The total area to be drained is approxi- 
mately 640 acres and the amount of ditching provided for 
is about 115,000 ft. 
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A. H. Perkins, Huntley, Mont. 


Ya} 200 


00 300,000 Inch-Pound 


“Water 


cor 


low 


at 62.5 Ibs."’ to intersection with 
responding to the height of the wall in feet. 


H-diagonal 
Fol- 


vertically to top and read overturning moment in 


foot-pounds. 


For Earth 
of the earth in the case, 


along 


to 
pos 
zon 
of 
and 


Prossure.—Knowing the weight per cubie foot 


find this value on the scale 


the bottom of the diagram. Follow vertically 
the Slope-diagonal marked with the slope of re- 
appropriate to the case. Thence follow. hori 
tally to the H-diagonal marked with the height 
the wall in feet, Thence follow vertically to top 


read overturning moment in foot-pounds. 
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The dedication exercises last week of the 
splendid new Engineering Societies Building in 
New York City constituted an event worthy of 
prominent record in the annals of the engineering 
profession. 

Those who took part in these exercises em- 
phasized the fact that even more important than 
the building itself is the harmony and coopera- 
tion between engineers and between different 
branches of the engineering profession, of which 
the building may truly be said to be at once the 
result and the expression. 

The history of the movement which brought 
about the construction of this building is famil- 
iar to many of our readers; but some of the main 
facts in connection with it are well worth re- 
hearsing. Half a dozen ‘years ago it seemed likely 
that each of the four national engineering so- 
cieties would build its own separate house as a 
national headquarters in New York City. The 
Electrical Engineers’ Institute particularly, 
which had always occupied rented offices, was 
ripe for a movement looking to the establish- 
ment of proper quarters and a place for its val- 
uable library. The Mechanical Engineers had 
wholly outgrown their old house on 31st St.; and 
in the American Institute of Mining Engineers 
a desire for a new and fitting house was often 
heard. 

Such independent action seemed to us and to 
many of the foremost men in all the different 
engineering societies, a result to be greatly de- 
plored. It meant the collection of contributions 
from engineers for four separate buildings in- 
stead of for one and a perpetual tax on engi- 
neers the country over for the care and main- 
tenance of four separate headquarters. 

With the financial limitations which such a 
division of forces would involve, it was clear 
that none of the buildings could be made nearly 
as adequate for the society’s needs as would be 
possible if the several societies were to unite 
their forces and financial strength. 

The desire for cooperation between the engi- 
neering societies for the end thus outlined was 
voiced by many engineers; but by none more 
eloquently and effectively than Mr. Chas. D. 
Scott, of Pittsburg. 

Some of our readers may recall the notable 
dinner at the Union League Club in Philadel- 
phia four years ago in celebration of the twenty- 
fifth anniversary of the Engineers’ Club of Phila- 
delphia. Mr. Scott was one of the guests at that 
dinner, and in speaking to the toast “The Twen- 


tieth Century Engineer,” he used the following 
words: 


Methinks I see the outlines of a magnificent building, 
the Capitol of American Engineering. Into this home, 
situated in the metropolis of the nation, are gathered 
the great engineering societies from their ‘scattered lodg- 
ings. Here is a great technical library; here are ample 
assembly halls and comfortable parlors; here are the 
headquarters of a score of lesser societies, 


restricted 
in their scope, but affiliated in their work. 


This ambitious ideal was destined to be real- 
ized. A few weeks later occurred the annual 
dinner of the American Institute of Electrical 
Engineers, of which Mr. Scott was then Presi- 
dent; and at that dinner he again voiced the 
wishes of the engineering profession for a worthy 
home. Mr. Andrew Carnegie was one of the 
guests at that dinner and on the following day 
he sent for Mr. Scott and Mr. Calvin W. Rice, 
chairman of the Building Committee of the In- 
stitute, conferred with them on the needs of the 
societies, and a few days later formally ex- 
pressed to a party of engineers, representing all 
the different societies, his willingness to provide 
the money for a great building to accommodate 
all the engineering societies. 

This work has now been accomplished. On a 
plot of ground 125 ft. in frontage and extending 
through from 39th St. to 40th St., there have 
been erected two splendid buildings, one for the 
Engineers’ Club, a purely social organization, 
facing on 40th St., and one for the national engi- 
neering societies, on 39th St. The latter build- 
ing, dedicated last week, is 14 stories in height 
and has cost $1,050,000, contributed by Mr. Car- 
negie. The land on which it stands has been 
purchased by the three national societies to 
which the gift was made at a cost of $540,000. 
The Engineers Club also purchased the land for 
its building, which is to be formally opened 
during the present week, and its gift from Mr. 
Carnegie was the sum of $450,000. 

Elsewhere in this issue we show views of the 
building and of its interior; but no printed pic- 
tures or description can give the reader an ade- 
quate impression of the building and its appoint- 
ments, and no account of the dedication cere- 
monies can adequately portray the dignity and 
impressiveness of the occasion. 


The point which we would emphasize and 
which was again and again made clear in the 
various addresses, is that this magnificent build- 
ing stands for the benefit of the engineering pro- 
fession. With -praiseworthy breadth and liberal- 
ity, the three great national societies which ac- 
cepted the gift from Mr. Carnegie are admin- 
istering it as a trust. The great library to 
which the upper part of the building is devoted, 
for example, is open to the free use of any engi- 
neer. It comprises the libraries of the three 
founder societies and will doubtless be so added 
to as to shortly become the most complete and 
useful engineering library in the United States, 
if not, indeed, in the world. 


The building itself has already become the 
headquarters not only of the founder societies, 
but of nearly all the other national engineering 
societies which have offices in New York and 
of the local engineering societies of New York 
City as well. The total membership of the so- 
cieties having headquarters in the building can 
hardly fall short at the present time of fifteen 
thousand. 


The review of available evidence regarding 
natural ice as a disseminator of typhoid fever, 
printed elsewhere in this issue, should do much 
to direct attention to the real dangers besetting 
ice users. These lie far more in the distribution 
of the ice and its subsequent handling and use 
within homes and offices than in its production 
and harvesting in rivers, ponds and lakes. The 
very few recorded outbreaks of disease of any 
kind directly attributed to ice, the fact that all of 
the half dozen outbreaks on record embrace only 
a few score of people, most of whom had ill- 
defined intestinal disorders, and the unsatis- 
factory character of the evidence in some of the 
outbreaks, all combine to give great force to the 
opening paragraphs of the paper, in which the 
long-continued persistency of “solidified [sani- 
tary] delusions” is pointed out. If only the pub- 


lic could be taught to fear real instead of imag- 
inary dangers sweeping sanitary reforms would 
be effected in short order. 


> 


The annual publication of the Pennsylvania 
R. R. Co. giving in detail the mileage of the sys- 
tem at the close of the calendar year, shows a 
grand total of 23,109 miles of track in the sys- 
tem on Dec. 31, 1906. This is substantially one- 
thirteenth of the mileage of railroad track in 
the whole United States. A better idea of the 
importance of the Pennsylvania system is af- 
forded by the fact that over 12,000 miles of this 
track is additional tracks and sidings. Of the 
total mileage of second, third and fourth track 
and sidings, in the United States, one-seventh is 
included in the Pennsylvania system. 

The total main track mileage of the Pennsy!- 
vania, 10,977 miles, .s exceeded now by the 
aggregation known as the “New York Central 
Lines,” and also by the combined Union Pacific 
and Southern Pacific systems; the latter com- 
bination, however, ranks far below the Penn- 
sylvania in total mileage of tracks. 

It is of interest to note that what are classed 
for want of a better name as “company sidings” 
but which might, perhaps, be better described 
as yard tracks, now nearly equal in extent on the 
main lines of the system, the main track mile- 
age itself. 

It has been frequently pointed out that the 
development of the railway and the growth of 
great cities which have been such important fea- 
tures of the last half century have resulted on 
the one hand in reducing the cost of freight 
transportation between terminals to a figure sur- 
prisingly low, while on the other hand the cost 
of handling at terminals has steadily increased. 
The bigger and more complicated the system of 
yards at a great terminal, like Chicago or New 
York, the more slow and expensive the work of 
sorting and marshalling freight cars and de- 
livering them to the proper point. It appears 
probable from the figures quoted in the publi- 
cation before us that the terminal and division 
yards on the Pennsylvania’s main line contain 
enough rails to lay a single track over its road 
from New York to Chicago. 


> 


What are the ethics governing correspondence 
with applicants for an advertised position? A 
correspondent complains that letters sent in re- 
ply to a “situation open” advertisement have 
not been answered. It is probable that his ex- 
perience is not an unusual one; but the question 
recurs why the man who offers to sell his serv- 
ices should not be treated with the same courtesy 
as the man who sells iron or cement or steam 
engines. Perhaps the answer may be made that 
the situation hinges largely on the respective 
number of letters’ involved. If the man 
who wishes to buy an engine receives letters 
from thirty or forty dealers, he may not take 
the trouble to answer them all any more than 
he does the thirty or forty applicants who apply 
for a position as an engineer. 

We believe, nevertheless, that the man who 
answers a “situation open” advertisement is en- 
titled to at least the courtesy of a reply when 
the matter is finally settled and the position ir 
question is filled. He has at least the satis— 
faction then of knowing that his application re- 
ceived attention and he can make up his mind 
regarding other openings without any doubts or 
reservations respecting possible offers from this 
former place. 

Another complaint which comes to us is that 
samples of work sent in response to a “situation 
open” advertisement have not been returned, 
even though return was specifically requested 
and postage for the return was sent. This is cer- 
tainly a gross breach of business courtesy; but 
it is nevertheless common and the only safe plan 
is for an applicant to send to any party adver- 
tising under a nom-de-plume, copies only of 
testimonial letters, samples of work, etc., which 
can be duplicated if the necessity arises. 
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We commented last week on the disobedience 
of rules by railway employees which caused the 
fatal head collision at Fowler, Ind. Later in- 
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formation regarding the open switch disaster at 
Colton, Cal., in which nearly 30 persons were 
killed, showed that concurrent disobedience of 
rules by several employees was responsible for 
the wreck. An official of the Southern Pacific 
Co. informs us that the switch engine passed 
through the switch near the entrance of the 
Colton yard from five to ten minutes prior to 
the time the accident occurred, as nearly as 
could be determined by the investigation. The 
switching crew had no special orders governing 
their movements in the yard; they were work- 
ing under the standard rules governing switch- 
ing service, which provide that all main line 
switches must be locked immediately after they 
are used. The crew was informed as to the 
time the passenger train would arrive, and went 
out on the main line and used the switch which 
caused the derailment in the face of standing 
instructions to the contrary. 

While this disobedience of orders was directly 
responsible for the wreck, the engine-runner of 
the express train also disobeyed orders requiring 
the reduction of speed within yard limits to 15 
miles per hour. Had he maintained a proper 
look out, he would have seen the open switch in 
time enough to stop his train anyway, since the 
track was straight for three miles beyond the 
switch. 


THE USE OF TABLES AND DIAGRAMS FOR PROPOR- 
TIONING REINFORCED CONCRETE MEMBERS. 

A prominent engineer in a paper before an 
Engineering Society recently said that the day 
is fast approaching when the methods of com- 
puting reinforced concrete will be just as well 
standardized as the methods for steel structures. 
No one will deny that simplicity in design of all 
kinds is a desirable end. Few will claim that 
the formulas for the computation of reinforced 
concrete should be lengthened and complicated 
by numerous theoretical considerations which 
cannot be carried out in actual practice. Even 
as they stand these formulas are too compli- 
cated and unwieldy. But some of the attempts 
now being made to shorten and standardize these 
computations can hardly help toward a scientific 
development of concrete designing. 

There has been during the past three years 
or so an extensive production of tables and dia- 
grams for use in reinforced concrete designing; 
and many of them have been offered to us for 
publication. A few have already been presented 
to the profession in these columns, and in the 
present issue we give space to a cowsiderable 
number of such diagrams for use in the design 
of retaining walls and of beams. 

That such diagrams may be very useful to the 
designing engineer goes without saying, or they 
would not be presented in this journal; but it 
seems proper at this time to sound also a note 
of warning in connection with such diagrams. 
For very many of our readers, we Know, the 
warning will be wholly unnecessary, but there 
are engineers who use a formula or diagram 
as the ignorant use the patent medicine to which 
they pin their faith, and the same cure is ap- 
plied for all ills. 

Speaking in a general way, it may be said 
that the diagrams made for stress analysis in 
reinforced concrete members are all computed on 
more or less rational bases, and claim to give 
the size required for safe strength for a certain 
kind of member under given assumed load. The 
position of the member in the structure, its re- 
lation to other members, the condition of its 
erection and ultimate use, all are assumed con- 
stant and the same for each size as figured. If 
the tables or curves are for beams the original 
formula, from which the curves or tables are 
figured, is computed under some accepted 
method, for a beam of certain span, cross-sec- 
tion and percentage of reinforcement, considered 
merely as a separate beam between two sup- 
ports, restrained or free, and acted upon by ver- 
tical imposed loads. sy means of curves so 
developed the sizes of another beam are com- 
puted. The beam’to be designed may be in- 
tended to carry a street, where it is subjected 
to the repeated impact of wagon and car traffic; 


it may be over the hot chamber of a dry kiln; 
it may be at the bottom of a tank, entirely 
under water; it may, in fact, be in a hundred 
different places under totally different condi- 
tions from those of the beam on which the 
curves are originally based. In spite of the fact 
that the conditions of design, construction and 
use are different from the original beam there 
will be many men who will use the curves with- 
out study as to their applicability, merely be- 
cause they are for the design of reinforced con- 
crete beams, 

In the past we have had occasion to com- 
ment on this blind adherence to formulas which 
have been in wide use for years, without pre- 
liminary investigations to determine the similar- 
ity of conditions between the foundations of the 
original formula and the problem at hand. For 
instance, in a plain section of masonry, subjected 
to eccentric vertical loading, the line of pres- 
sure must fall within the middle third to avoid 
tension or joint opening in the heel of the sec- 
tion. Yes; if this section is a solid rectangle, 
but the middle third theory does not hold for 
other than a solid rectangular section, the divis- 
ion is into some other fraction, varying with the 
shape of the section. Is this remémbered by 
all engineers? 

Similarly the proper selection of the various 
coefficients in Kutter’s diagrams for the flow 
of water is a factor that makes those diagrams 
valuable and reliable. In fact, the knowledge 
of the limits within which a theory or formula 
can be relied upon is exactly as important as a 
knowledge of the theory or formula itself. The 
ability correctly to apply empirical constants 
is the distinguishing mark of the experienced 
engineer, 

In this same direction lies the danger in pub- 
lished tables or curves for reinforced concrete 
design. They create an impression that a rein- 
forced concrete unit can be designed purely for 
the load coming on it without regard to the 
peculiar conditions surrounding its erection or 
future use. That these varying conditions must 
affect the design is evident. 

Illustrative of some points in specialized de- 
sign, we noted in an editorial in our issue of 
March 21, 1907, the harmful effect of any cracks 
in reinforced concrete by which water can carry 
a stray current to the steel and cause much 
damage by electrolytic action. So, also, Mr. 
Hanna’s paper on “Reinforced Concrete for Irri- 
gation Structures,” published in our issue of 
April 4, 1907, calls attention to the corrosive 
action of water entering into any cracks in con- 
crete. This latter paper also notes other differ- 
ences in reinforced concrete design in irrigation 
work, such as a thicker protecting face for the 
rods, larger size cross-section for reinforcement 
and the necessity for a close mechanical bond in 
the steel. It has never been proved that the 
minor and hair cracks in concrete work have 
any weakening effect on the strength of the 
structure, and in ordinary work, well protected 
from exceptional and protracted moisture and 
electric current, such cracks need give no great 
concern, aside from their unsightly appearance. 
3ut although it has been so far impossible to 
entirely eliminate this tendency to crack, it is 
quite certain that in structures exposed to water 
or electricity, the units should be so designed as 
to reduce it just as much as possible. It is just 
such details that are not cared for in the stan- 
dard computations, but must be looked after by 
the individual designer. 

Every specialized use of the material is bound 
to bring out some exceptions in design. The de- 
signer of buildings knows his formulas and di- 
mensions, but whether they will apply to a 
beam exposed to temperatures of 300° F. re- 
mains to be discovered. As an aid to the de- 
signer’s work, standardized curves and _ tables 
in any line are of great value; but the compe- 
tent engineering knowledge—when and how to 
apply them—must always be at hand. 

There is no danger in such tables to the ex- 
perienced and careful designer. To the man who 
devises them they are invaluable. He knows 
the exact limit of his assumptions and can meas- 
ure the bounds of their applicability. The 


danger lies in their use by the inexperienced and 
careless. The idea that reinforced concrete is 
an uncertain and variable mixture of some sand, 
a little cement and a few stones, the mass to be 
indiscriminately soaked with water and thrown 
into place, has altogether too wide a reach as it 
is. And when men holding such ideas come 
across tables purporting to give the exact size 
and reinforcement for any 20-ft. beam, the idea 
of extreme simplicity and ease of design is con- 
firmed. 

In the very laudable desire to put concrete 
design on a more scientific basis and to remove 
from it a great deal of the all too prevalent mys- 
tery it must be remembered that the material 
is not consistent as is steel, which acts in the 
same way under nearly all conditions, but that 
its behavior is to a large extent dependent upon 
its use. The idea that the load upon a beam 
constitutes all that is needful for its design can 
but lead to trouble. Standardized curves and 
tables which assume this are dangerous things 
in the hands of a hurried, a careless or a poorly- 
informed engineer. 


LETTERS TO THE EDITOR. 


Patents on Caisson Tunneling. 

Sir: In your issue of April 11 you have an interesting 
account of the method of making the joints in the tunnel 
under the Seine. This method is covered by patents in 
this country and Canada, which have been issued to me, 
in January, 1903, and March, 1905, in the United States, 
Nos. 784,816 and 838,821, and October, 1905, in Canada, 
No. 95,419. Yours respectfully, 

T. Kennard Thomson. 

Park Row Bldg., New York, April 15, 1907. 


o> 


4 
A Method of Scaling Earthwork Quantities from a 
Profile. 

Sir: Referring to the letters in your issues of Feb. 28 
and March 28, 1907, in regard to the ‘‘Quantity Scale” 
for estimating earthwork quantities: 

I have used the ‘‘Quantity Scale’’ in railroad and irri- 
gation canal work for several years, but find it much 
more saving in time if constructed with figures for even 
intervals of 100, 200, or 300 cu. yds. with corresponding 
seale lines plotted at proper points on vertical scale in- 
stead of placing odd yardage figures to correspond to 
even feet on the vertical scale, as shown in the examples 
in the other letters. 

Yours very truly, 
C. M. Arnold, 
City Engineer. 
Lethbridge, Alberta, Canada, April 9, 1907. 


The Concrete Arch Proposed for the Hudson River 
in 1885. 

Sir: On page 427 of your issue of April 18, 1907, you 
mention a design by the late Thomas C Clarke for a 
reinforced concrete arch bridge over the Hudson River in 
1885. 

His plan was a beton-coignet cellular (cross-section) 
arch, without any metal reinforcing. 


Theodore Cooper. 

45 Broadway, New York, April 18, 1907. 

{The basis for our statement that_the arch was 
“reinforced slightly’? was the following extract 
from a letter from the late Mr. Clarke: 

The tension in the soffit of the arch at the center and 
in the top of the haunches only was to be resisted by 
iron beams built into the concrete. 

This, of course, would not warrant describing 
the bridge as “reinforced concrete.’’—Ed.] 


Expansion Joints in Concrete Basement Floors. 


Sir: Your issue of April 11 contains an inquiry as to 
whether it is customary to put in concrete basement 
floors monolithic or ‘‘blocked off.’’ 

The writer has laid approximately 75,000 sq. ft. of 
“blocked off’’ concrete basement floors during the past 
three years in rooms varying in size from 10 x 10 ft. to 
160 x 40 ft., and they are all in perfect condition. The 
work was done during the summer and fall when no 
artificial heat was necessary. The subgrade of the floor 
was thoroughly tamped. Upon this was placed a layer 
of 1:3:5 concrete 3 ins. in thickness, and a finishing 
coat of 1:2 cement mortar 1 in. thick was placed upon 
the concrete before it began to set. 

The dampness in the basements due to new plaster, 
condensation, etc., was sufficient to supply the necessary 
moisture during the period of hardening. 

Yours very truly, 

Flushing, N. Y., April 14, 1907. W. C. F. 
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Sir: Replying to an article in your issue of April 11, 
by E. D. Covell, relative to concrete basement floors, I 
wish to say that I have had charge of the building of a_ 
great many floors laid with 4 or 5-in. concrete sub-floor 
mixed 1:3:6 with a 1 in. top coat mixed 1:14. 

Some of these floors were laid solid and some blocked 
off and in almost every case where the floors were laid 
solid, cracks have appeared varying from 38 ft. to 8 ft. 
apart. Where the floors were blocked off into sections 
there has not been a single case under my observation 
where the floors have shown the slightest signs of crack- 
ing. 

The method employed was to lay a section of concrete 
and then put on the top coat before the concrete had 
time to set, thus insuring a perfect bond, the joints being 
made after the surface was finished and driven to a depth 
of 3 ins. below the surface and dividing the floor into 3 
ft. square sections. 

The jointing tools consist of a bevelled plate about 
18 ins. long and a brass jointer for smoothing the joints. 

Very truly yours, 
Frank A. Greene. 

Woonsocket, R. 1., April 13, 1907. 


Concrete vs. Iron Pipe Culverts. 


Sir: In your issue of Dec. 20, 1906, there is an 
article on concrete pipe culverts, by Mr. O. P. Chamber- 
lain. This article gives estimated costs of concrete 
pipes as compared with cost of cast-iron pipe. The 
writer notes that the figures given for cost of cast- 
iron pipe appear to be in error. The cost of such pipe 
in our Eastern market is only about half that given by 


Mr. Chamberlain. A. W. Carpenter. 
New York, N. Y., April 2, 1907. 


{The article in question was a reprint of an 
advance copy of a paper presented before the 
Western Society of Engineers. We are informed 
that a mistake was made in the prices assumed 
for cast-iron, and that the estimates were after- 
wards corrected. We give below the estimated 
costs, with the corrected figures, as they ap- 
pear in the February number of the “Journal” of 
the Western Society of Engineers.—Ed.] 

Weight 


Size and kind Thickness, per lin. ft., Cost per 

of pipe. ins. Ibs. lin. ft. 
12-in. cast-iron......... 33/64 75 $1.22 
12-in. 2 8&8 0.16 
18-in. cast-iron......... 47/64 16 2.72 
18-in. concrete......... 3 22 0.36 
24-in. cast-iron......... 1 250 4.07 
24-in. concrete........-. 4 42 0.68 
30-in. cast-iron......... M16 334 5.43 
30-in. concrete......... ly 602 0.88 
36-in. cast-iron......... 1144 45 7.32 

concrete......... 43 676 1.10 
42-in. cast-iron......... 1% 600 9.75 
2-im. 5% 960 1.55 
48-in. cast-iron......... 1*/16 725 11.78 
48-in. concrete......... 6 1,131 1.83 


Taking Contours on Preliminary Surveys. 


Sir: My method of taking contours on preliminary 
surveys is, I think, more simple and accurate than any 
I have seen described. 

The slopes are taken with a hand level and rod by a 
topographer and one rodman if the distances are paced 
or two rodmen if they are measured. 

The elevations are procured from the level book each 
evening for the next day’s work and are recorded on the 
center line of the topogfaphy book, space being left for 
any intermediates that it may be necessary to take. 

The work in the field is as follows: If at station 200 
the elevation is 422° and 5 ft. contours are required, the 
topographer would take a reading at the station. The 
rodman would then pace out at right angles to the line 
until he found a point 2 ft. below the station or eleva- 
tion 420. He would then move again until he reached a 
point five feet below this last point, or elevation 415, 
and so continue as far as the topography was required. 
The other side of the line would be treated in like man- 
ner, starting from the center line. The total distance 
from the center line is recorded at each point. 

This reduces the work in the office to a minimum. 
The notes taken at station 250 as above would read as 
follows: 

440 435 430 


425 Sta. 250. 420 415 410 405 


“40 El. 422°. 125 200 315 350 

In platting the draftsman has simply to place his 
scale on the map and prick off the distances on both 
sides of the line from the book without removing the 
scale from the paper. 


200 100 


E. J. O'Connor. 
Fort Bragg, Mendocino Co., Cal., April 3, 1907. 
Retempering Mortar Made With Mixed Lime and Cement. 
Sir: On a piece of work which we are constructing, 
specifications call for brick to be laid in lime mortar, 


with the addition of one sack of cement for each barrel 
of lime used. Now, on account of rains, or other cause 


there is occasionally a quantity of mortar left over 
night that has already had the cement added to it, and 
the question has arisen as to whether or not this mortar 
is equally good for use the next day, providing an addi- 
tional amount of cement is mixed in so as to make the 
fresh cement used of the proper proportions, as called 
for by the specifications. 

We believe that no one will question that lime mor- 
tar left over night, or for any length of time, so long 
as it doesn’t dry out, is uninjured for use. The amount 
of cement used does not produce any material effect upon 
the setting of the mortar when left over night, and 
there is no trouble to mix it up again with a hoe, and 
add a new lot of cement. 

Is there any reason to suppose that the mortar remixed 
in this manner is not fully equal to the mortar made by 
mixing in the cement the first time? If you can give ad- 
vice upon the matter through your columns, the sama 
will be of value. Respectfully, 

Bartlett & Kling. 

Cedar Rapids, April 12, 1907. 

[We should think the opinion of one com- 
petent inspector on the ground would be worth 
that of two engineers elsewhere. If the ‘mortar 
does not set at all over night, the retempering 
with the additional cement named ought to 
make a product at least as good as the mortar 
made with one sack of cement to the barrel. 
If anyone can quote experience to the contrary, 
we should be pleased to hear from them.—Ed.] 


Specifications for Oak Ties. 


Sir: I would like to have your opinion or that of any 
of your readers as to what is known as a ‘‘No. 2 oak 
tie,’’ and refer you to an incident that happened lately to 
a contractor. The specifications for tracklaying called 
for a No. 2 oak tie to be furnished; but did not call for 
any particular kind of oak (such as white or red oak). 
The contractor furnished a quantity of each, or in other 
words mixed oak without taking into account the pro- 
portions, 

One of the railway officials found fault with this, say- 
ing that a No. 2 oak tie in his opinion meant white oak 
and the No. 2 meant size only. The contractor claimed 
that No. 2 had only reference to size, and if any par- 
ticular kind or quality was wanted it should have been 
specified. Not being so specified he fulfilled his contract 
by furnishing mixed oaks as mentioned above. 

The size of tie furnished in this case was a hewed 
tie 6 x 6 ins. and 8 ft. in length, or when sawed ties 
were furnished they measured 6 x 8 ins., 8 ft. long. The 
engineer for the railway had a man inspect the ties be- 
fore shipment or while being unloaded at the works. All 
ties that did not come up to the above measurements or 
had wind shakes or any other defects were rejected. 
He did not raise any question as to their being red or 
white oak, but would not take chestnut or any other 
timber. Who was at fault, the contractor or the railway 
official? 


“Subscriber.”’ 
[This appears to be a case in which the speci- 
fications were at fault through not being suffi- 
ciently definite. If they simply called for ‘‘No. 2 
oak ties” it is an open question whether size, 
species or quality wasintended. The term “second 
class tie’’ as applied to ties for inferior lines and 
side tracks usually includes those of inferior 
quality and not conforming strictly to the sizes 
required for main track ties. The tie committee 
of the Railway Engineering and Maintenance of 
Way Association at the recent annual meeting 
proposed smaller sizes of ties for “No. 2 tracks,” 
that is, tracks carrying a certain amount of 
traffic (under the classification adopted by the 
Association). This action was not approved at 
the meeting. Since both white and red oak were 
accepted by the engineer if they conformed to 
the specified size, it would appear that the term 
“No. 2” in the specifications applied to size and 
not to species. Local usage might have a bear- 
ing on the matter. A tie 6 x 6 ins. would cer- 
tainly be of a second class character, and not 
adapted to main track. Very many roads use ties 
6 x 8 ins. for main track, but there is a strong 
and growing impression that for main tracks 
carrying heavy traffic the thickness should be 7 
ins.; this latter thickness is, in fact, already in 
extensive use under such conditions.—Ed. ] 


+ 


Solution of a Rope-Drive Problem. 


Sir: Referring to the rope-drive problem submitted by 
Mr. O. Grimm, of Chicago, and published in your issue 
of April 4, 1907, I offer the following solution, which I 
trust will be of aid to Mr. Grimm and incidentally may 
interest such readers as have noticed his communication: 

Let S be the tension at any point in the rope, and dS 


its increment in the small are Rdd. Let f be the coef- 
ficient of friction developed between the rope and the 


PRAO = 25x Sine W@ 
? or within the Limit 
= 2S x 


ENG NEWS, 


drum. Let p be the intensity of the normal pressure of 
the rope on the drum in the small are R d@ Then, 
pRdgf=—ds 
But as the figure shows, for a small arc, 
= 


80 that by substitution we have 


ds 
dd = ——_ (1) 
Ss 
or 
ds 
fo= (-— = log, S + C 
When ¢ = 0, S = Sj, the initial tension in the rope 
Therefore, C = — loge Si, and 
S 
fo = loge S — loge loge 
Ss 
or, changing to common logarithms, 
1 S 
—— fo = log—...... 
2 3026 


@ being expressed in circular measure. 

Applying eq. (2) to the problem as stated by Mr. 
Grimm, we have S = 6,000 Ibs., S; = 400 Ibs. (half of 
800 Ibs.), and by scaling from the sketch the angles which 
the projections of the haulage and tail ropes make with 


the plane through the axes of the drums we obtain a 


45 60 

value for ¢ of 8 7 + —— Wt——T=S8luq= 
180 180 

26.9654. Substituting these values in (2) we have 


11.7108 f = log 15 = 1.17609, 
or f = 0.1004 ana f w = 0.3154. 


Beginning now with the tail rope, the are of contact on 


the first drum is (by scale) % mw, and % w f = 0.1051. 
By eq. (2) we have, substituting this value 
0.1051 


= log Ss — log 400 
2.3026 
From this by help of a table of logarithms we find Sg, 

the tension in the rope along the first pass between the 
drums, to be 444 Ibs. Since the drums are equal in 
size, the next are of contact is 180° or q, and substitut- 
ing in eq. (2) as before we get 

0.3154 

= log S3 — log 444 

2.3026 
from which S;, the tension in the second pass between 
the drums, is found to be 609 Ibs. 


By the same method 
we obtain the following: 


S, = 835 Ibs. Sg = 2048 
Ss = 1145 “ So = 4041 
= 1569 Sie 5d)40 
S; = 2150 “ Si, = 5994 


A little more refinement of calculation would have re- 
sulted in Sj, = 6,000 Ibs. 

By combining the tensions above found we obtain the 
total thrusts between the drums in the plane of their 
axes as follows: 

Resultant thrust on the drum nearestthe tail rope = S> 
+ S83 + S85 + So + 8s + Sy + Sip —S cos 60° 
(scaled angle) 18998 Ibs. 

Resultant thrust on the second drum S. + S83 + S, 
Ss + N6 S7 + Ss So + Sio = Si cos 45 (sealed 
angle) 16281 lbs. 

While the writer has never seen a similar problem 
solved just as above, yet Bovey’s “‘Theory of Structures 
and Strength of Materials’’ has aided him in the solution 
as given. Yours most respectfully, 

A. C. Hough, 

317 Ninth Ave., Homestead, Pa., April 6, 1907. 

[Two other correspondents have sent solutions 
of the problem. They begin, however, by as 
suming a coefficient of friction, which necessarily 
leads to contradiction with the stated conditions 
of the problem unless the coefficient should hap 
pen to be chosen identical with that actually 
developed. The results found in the two solu- 
tions therefore differ from each other and from 
that found above.—Ed.] 
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THE EARTH SLIP IN THE FACE OF THE EMBANK- 


MENT OF THE NORTH DIKE OF THE WACHU- 
SETT RESERVOIR. 

By CALEB MILLS SAVILLE,* M. Am. Soc. C. E. 

On Thursday, April 11, a portion of the face 
of the north dike of the Wachusett Reservoir 
slid into the water, carrying with it the rip- 
rapping, gravel facing and the extreme top cor- 
ner of the primary cut-off wall. 

When the South Branch of the Nashua River 
was taken for a water supply for metropolitan 
Boston, and the great masonry dam built at 
Clinton to form the Wachusett Reservoir, a por- 
tion of the north side of the valley, beginning 
at a point 1,500 ft. above the dam and extend- 
ing for about two miles, was found to be below 
the level of full reservoir.j After having care- 
fully studied this problem theoretically, in the 
field, and by laboratory experiments, it was de- 
cided that the best solution was to build a dike 
composed of soil stripped from the bottom of the 
reservoir, with several cut-off trenches and a 
core wall filled with selected material well 
watered and rolled in 6-in. layers. 

The general plan and a number of sections of 
this dike are shown by Figs. 1 and 2. In the 
lowest lands along the line of the dike two cut- 
off trenches were dug, having depths varying 
from 30 to 60 ft., with a width of 30 ft. at the 
bottom, and having side slopes of 1 to l. By 
this means the gravel and coarser sands were 
removed down to a depth where a nearly im- 
pervious sand was reached. In places, when 
this material could not be reached readily by 
methods of excavation, triple lapped sheet piling 
G ins. thick, made of spruce planks, was driven 
to a maximum depth of 62 ft. below the bottom 
of the trench. 

The primary cut-off trench and wall is 100 
ft. thick, with 1 to 1 slopes resting on the main 
embankment, which was built of sand and gravel 
and excavated from the trenches. The main 
embankment was about 250 ft. thick at its base, 
in the maximum section. On the land side it 
has a slope of 1 to 1, on which rests the main 
cut-off wall mentioned above. On the water 

*With French & Bryant, Civil Engineers, Brookline, 
erred Eng. News, March 7, 1895, for general description 


of the Wachusett Dam (there called Nashua Dam), and 
Eng. News, May 8, 1902, for further details of the dike. 


SECTION 41+50 


SECTION 33+00 


Soil Rolled in 6 Inch Layers-” 


Probable Line of Saturation 


side this embankment has a slope of 2 to 1, in 
which, at Elev. 377, a berm about 30 ft. wide 
breaks the slope. This entire face was covered 
with a gravel layer about 5 ft. thick, measured 
at right angles to the slope. Above the berm 
and resting on it from a point 5 ft. above high 
water to a point 12 ft. below is a heavy belt 
of riprap, 10 ft. thick, to protect the embank- 


that slipped into the water was about 675 ft. 
long, with a thickness normal to the slope of 
‘about 35 ft. It is estimated that the quantity 
of material thus displaced was from 60,000 to 
70,000 cu. yds. At the elevation of the present 
water level that portion of the dike remaining 
is about 830 ft. thick and contains the core wall 
intact, except for a few cubic yards from the 


FIG. 1. PLAN OF EASTERLY PORTION OF 


ment from the action of the waves. The great- 
est width of the dike is 1,950 ft. It contains 
about 5,862,000 cu. yds. of earth. 

The following elevations may be serviceable 
in understanding the conditions at the dike and 
the slight danger of the serious consequences set 
forth by some of the ‘yellow journals” 


Elevation. Elevation. 
Top of Wachusett Dam...415 Bottom of riprap 383 
371.7 


High water, Wach. Res..395 Water 
Top Of Gik®. ...cccvcecse 412 Apr. 14 
Top of riprap and gravel 

400 
Top = cut-off wall...... 396 


The slip happened (general plan of dike, Fig. 1) 
at the point of maximum section, where the 
embankment is about 80 ft. high and where 
there is now about 42 ft. of water. (See, also, 
enlarged plan and sketch sections, Figs. 3 and 4, 
and the views, Figs. 5, 6 and 7.) The portion 


Finished Surtace of bike 


Original urface of Ground 


Finished Surface of Dike 


SECTION 23+25 


MAIN EMBANKMENT 
SAND OF GRAVEL 


NORTH DIKE OF WACHUSETT RESERVOIR. 


extreme top of the inside corner. When this 
great mass of earth became detached and slipped 
into the water its momentum carried it from 
150 to 250 ft. out into the reservoir. At the 
same time, the heavy riprap was floated out on 
the earth to points marked “R” (after figures 
indicating soundings, as shown in the enlarged 
plan, Fig. 3). 

In spite of the cry of some of the newspapers, 
it appears that the safety of the dike has in 
no way been affected and the stability and 
utility of this form of construction is not at all 
shaken by the displacement of a few thousand 
cubie yards of facing. The occurrence is a mis- 
fortune, not a disaster in any sense of the word. 

One lesson to be learned from this accident is 
that a greater slope than 2 to 1 is necessary for 
an embankment built of fine material, when it 
is to be saturated with water. 

From the soundings taken since the slide hap- 
pened it appears that even if it had taken place 
at full reservoir the natural slope which the 
material has taken would have met the present 
surface of the dike at a point on the reservoir side 
of the railroad embankment and at about Elev. 
400, even if the core walf had also taken the 
same slope. Under this adverse condition, as it 
is almost inconceivable that the core would be 
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FIG. 2. SECTIONS OF EASTERLY PORTION OF NORTH DIKE OF WACHUSETT RESERVOIR. 
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eroded to such a flat slope, it appears that the 
top of the embankment would still be 5 ft. above 
the water surface and 60 to 65 ft. wide at this 
elevation. 

It may be of interest to note that the Wa- 
chusett. Reservoir has never been filled to the 
normal water level. The elevation of the water 
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would be a disgrace to a grammar school scholar. One 
who is thus ignorant of the language finds social progress 
substantially impossible. This may seem a trivial mat- 
ter, but it is not. Matters of very large importance are 
often settled by favor, and favor frequently follows 
social position. Other things being equal, almost any 
one will show his friend the preference in business or 
professional matters. Social relations make largely for 


FIG. 3. PLAN SHOWING SLIP IN EASTERLY PORTION OF NORTH DIKE OF WACHUSETT 
RESERVOIR. 


Based on original surveys of the dike, and on surveys of the slip made April 12, 13 and 14, 1907. 


The figures. 


i ines i ings se lines llowing the figures 
n the straight lines indicate depths of soundings along those lines on the dates named. R fo { ; 
maialie that rock was struck, probably displaced riprap; H B means hard bottom; S B, soft bottom. The original 
contour lines are shown by full and by dotted lines, as can be readily understood. 


at the time of the slip (371,7) was the highest 
ever attained up to that time. The nearest the 
water had approached to that level previously 
was 367.75, on July 10, 1806, 
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THE VALUE OF ENGLISH TO THE TECHNICAL MAN.* 
By JOHN LYLE HARRINGTON,; M. Am. Soc. C. E. 


A technical man is, presumably, an educated man; and 
if he do not speak like one, suspicion is cast upon the 
entire range of his learning. When a man cannot spell 
correctly, or use ordinarily good grammar (and there are 
many university men who cannot) it is difficult to con- 
vince others that he is professionally able. The great 
majority of technical men occupy salaried positions in 
the organizations of railways, governments, constructing 
companies and manufacturing corporations. Thes> po- 
sitions are obtained by means of acquaintances made in a 
social way, by interview, by correspondence, or on ac- 
count of an earned reputation. Yet I have granted in- 
torviews to many technical men who spoke like laborers, 
and have received hundreds of letters from them that 

‘Consulting Engineer, Kansas City, Mo. 


*Extracts from an address before the Technological So- 
ciety of Kansas City. 


success or failure in the business or professional world. 
Many have received the opportunity which led to emi- 
nence through the recommendation of a casual acquaint- 
anc? who was favorably impressed. 

In business correspondence the value of good usage 
is still more manifest than in conversation. The art of 
letter writing, like a knowledge of grammar, is com- 
monly considered to be within the range of everyone's 
learning and skill; but anyone who has had large ex- 
perience in business correspondence knows that few men 
write good letters. Many men owe the opportunity for 
advancement to their ability to write a good letter. 

The detrimental results of bad English in conversation 
or in correspondence are by no means so certain as in 
the more formal technical papers: In the preparation of 
articles for the technical press, and papers for the 
learned societies, there is time to study form and style 
and to eliminate errors due to haste; hence, when such 
matters are ill written, it is not unfairly argued that the 
writer is ignorant of the correct use of the language. 
The idea that a technical paper is dry at best, and that 
the English employed in it is of small consequence has 
long been proved incorrect. There is so much nowadays 
that is well written that no busy professional man is 
willing to spare the extra time and effort necessary to 
read and digest an ill written paper. 


A merchant may advertise his wares, a manufacturer 
his product, but reasonable modesty and his code of 
ethics prevent a professional man from advertising his 
skill. If he does not become known by his work or his 
writings, he remains in comparative obscurity. His 
ability is clearly exposed in his writings, in which he 
gives to the profession his best thought; and if he cannot 
write easily and well he will prebably not write at all 
for the censorship of the learned societies is now severe 
and is rapidly growing more so. Every normal, healthy- 
minded technical man desires to leave a permanent 
record of the results of his best thought and work to aid 
his co-workers and those that come after him. An ably 
written description of work performed, discoveries made, 
or methods developed accomplishes more for the advance- 
ment of science than many well designed and well ex- 
ecuted constructions. The latter benefit those who see 
them; the former may help all who can read. 

Provoking and expensive errors often arise from the 
misunderstanding of badly expressed orders, 


rules and 
regulations. 


In large corporations, especially in railway, 
contracting and engineering companies where employees 
are distributed over a wide area, it is impossible for au 
officer to give individual instructions, or to see person- 
ally that they are carried out: 
tions must be so clear that 
stood or evaded. 


hence, general instruc- 
they cannot be misunder- 
It is hardly necessary to say that the 
consequences of a mistake in train orders, in instructions 
regarding breaking track for repairs or renewals, or for 
making temporary construction to span washouts, may 
result in expensive and fatal accidents. And even minor 
errors, oft repeated, may prove very costly. 
But the preparation of reports, specifications, and con- 
tracts is the most particular and momentous task the 
technical man has to perform. It is not enough to be 
careful in a general way. Every word, every phrase, 
every sentence, has a direct and vital bearing on the 
work governed by the documents. I have known the 
presence in a contract of a single word of equivocal 
meaning to cost one of the parties many thousands of 
dollars, though when the contract was drawn there was 
no question regarding the intent of the parties to it. 
Notwithstanding the vital importance of clear, concise 
and full expression in such documents, it is not uncom- 
mon to find specifications and contracts so bad in their 
construction that they fail utterly in their purpose. 


Let 
me quote in illustration from the specifications, prepared 
by an architectural firm of some repute, for the con- 


Struction of a building which cost nearly $100,000. 


*“Material and Workmanship. The entire frame work, 
columns, beams, etc., as indicated by the framing plans 
or as specified, is to be of wrought steel, of quality here- 
inafter designated, all materials to be provided and put 
in place by this contractor. All work to be done in a 
neat and skillful manner, and is to guarantee the con- 
struction and workmanship with a bond equal to amount 
of tender for a term of five years, satisfactory to the 
proprietor and architects, to properly carry or support 
the loads it is designated to carry, namely its own 
weight, the weight of the several floors, roof and walls 
resting thereon, a 10,000 gravity tank, and the pressure 
of any wind which may not be designated a hurricane, 
and future three stories. * * * The floor beams are to 
be calculated for a maximum load of 150 Ibs. to the sq. 
ft. (using C type IV. of the Clinton Fire-Proof System, 
of Clinton, Mass.). The columns are to be calculated for 
a vertical load above mentioned and for horizontals and 
wind pressure and snow pressure, also roof. The whole 
to be calculated heavy enough for three additional stories 
on building should they be put on at any time, with con- 
nections at top columns to receive future columns. The 
columns on ground floor supporting front to be calculated 
in same proportion with all the rods necessary where 
shown. The whole of the columns to be one size through- 
out, those that carry more weight reinforced, and all 
columns to be kept as small as possible in proper con- 
struction. Each column to have %-in. holes bored or 
punched every 4 ft. 6 ins. in height on each corner (for 
use of other trades to fasten metal lath).”’ 


The building was constructed under these specifications, 
not according to them; that would be impossible. , But it 
is hardly necessary to say that the proprietors interested 
were not safeguarded. The wretched paragraphs quoted 
are no worse than a contractor finds in specifications al- 
most every day, for they are composed, as a large num- 
ber of engineers and architects compose thir specifica- 
tions, by copying and combining sentences or paragraphs 
from various sources, instead of by writing them from 
fundamental knowledge of the construction desired. In 
such instances the client is protected infinitely more by 
the honesty, knowledge and skill of the contractor than 
by those of the architect. 

Very few railway specifications for complicated struc- 
tures are so well written that a contractor cannot comply 


---------------------- 1/930 ft. Thickness of Dike at ~---------- 
Shaded Portion shows | — - 940%. Thickness of Dike ------ > | 
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FIG. 4. SKETCH SECTION THROUGH NORTH DIKE OF THE WACHUSETT RESERVOIR, AT THE SLIDE OF APRIL 11. (SEE FIG. 3.) 


d 
id 
d. 
is 
r 
it 
p- 
ce 
1e | 
nt 
he 
it 
be 
| 


466 


ENGINEERING NEWS. 


Vol. 57. No. 17. 


FIG. 5. VIEW OF SLIP IN NORTH DIKE OF WACHUSETT RESERVOIR. 


with them to the letter, yet give the company construc- 
tion far inferior to what the writer of the specifications 
intended, and thereby gain for himself material ad- 
vantage. 

The lawyers aud the courts are kept busy rectifying 
the blunders of other professional men who do ill what 
they are paid to do well. I know of one contractor who 
has grown gray in the business of constructing build 
ings, who has never completed a contract without a law 
uit, and who has never lost a law suit. This speaks ill 
for the work of the architects under whom he worked, 
yet they are probably no worse than their fellows. If it 
; , to be reasonably honest, many 


were not good 1 
nother contractor might easily approach his record. 


CAPACITY FOR SERVICE AN IDEAL IN TECHNICAL 
EDUCATIO 
By FREDERICK REMSEN HUTTON,; M. Am, Soc. M. E. 


There are two points of view possible The one regard 
the educational center as a place to which the student 
comes to receive a discipline of mind by study and per 

iso a discipline of body by reasonable’ athIctics 
It is the purpose of this discipline to make a better man 
of him and to equip him mentally with a useful kit of 
tools in that department and give him some knowledge 
and skill in their use. The nature of the gymnasium 
apparatus used in this training process, which is the list 
of subjects which he shall study, is held to be of sec- 
ondary consequence provided only it is perfect of its 
kind. That which has been proved to be perfect of its 
kind by the experience of the fathers and by the condi- 
tions of an aristocratic country, has a distinct presump- 
tion in its favor. 

At the other extreme is the view which regards the 
school as a fountain or well-spring of information and of 
facts to be imparted by skilled and expert teachers. 
These are to fit the graduate to deal intelligently with 
the problems of actual life, since he has come to know 
the laws which govern practical affairs and has absorbed 
some of the garnered experience of the skilled professors 

*Extract from the Charter Day address at the Thomas 
S. Clarkson Memorial School of Technology, Potsdam, 
N. Y., March 18, 1907. 

President American Society of Mechanical Engineers, 
1906-1907. 


FIG. 6. VIEW OF SLIP IN NORTH 


who have worked with him. Life will furnish the dis- 
cipline fast enough after graduation, but gives little op- 
portunity to learn the laws except by hard knocks. Let 
us, therefore, concentrate our effort on acquiring the 
knowledge. This is the philosophy underlying the suc- 
cessful effort of the correspondence school method. 

It seems to me that there need be no contradiction in 
these two requirements provided that each is rightly 
interpreted. The difficulty is to attain both ideals in a 
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FIG. 7. VIEW OF SLIP IN NORTH 


limited period. The safe middle course is so to use the 
study and the acquiring of physical fact and of experi- 
mental data upon matter, force and their laws, as to 
make such study a discipline for the mind and heart. 
This is the trick and the skill of the competent and suc- 
cessful teacher. Either extreme has its own dangers. 

If the student spends his four years in study of an- 
tiquities or of abstract science unrelated to the ordinary 
activit‘es of life, and has pursued literature and history 


DIKE OF WACHUSETT RESERVOIR. 


DIKE OF WACHUSETT RESERVOIR. 


as culture subjects, unrelated in their bearing to present 
day thought, he may become polished and outwardly cul- 
tured. But the first man who tries to lick him into 
usable shape in active business usually finds him less 
available as the result of equal labor than th» office boy 
or the apprentice, who has begun at another round of 
the economic ladder. 


The graduate also from this system of education has 
usually been favored with the modern system of prac- 
tically free election of subjects of study in his college. 
This possibility of doing what he likes and which appeals 
to him, gives the young man a mistaik*n conception of 
the way things are done in the life of actual affairs; and 
the change from one environment to the other is so sud- 
den and abrupt that he resents it and is unhappy or us>- 
less under it. Actual life ferces him to a process, which 
seems to him like unlearning something which he has 
worked to get. Both employer and employed in their dis 
content form an opinion unfavorable to all sorts of higher 
education because the one sort under comment proved 
to be ill-chosen for the purpose in hand. 

Tho great danger of the other system at the other ex- 
treme is that it should fall short of its disciplinary 
value because the student fails to see clearly what is his 
own function in the education process. It is possible 
that both teacher and student permit the latter to be- 
come a mere mass of absorptive tissue, taking in infor- 
mation and knowledge as does the dead sponge rather 
than by a process similar to that which is exhibited by 


the living tree. The lecture system of instruction by 
gifted experts is particularly open to this danger, since 
the student can be so easily lulled into a Nirvana of ad- 


miring idleness of mind, or into a state in which presence 
of body concurs with a practical absence of 
class room, 


mind in the 


Of what use is an extensive assortment of note books 
containing data, such as are gathered in our best engi- 
neers’ pocketbooks, if the young man has not been 
trained to use his faculties or exercise his powcrs upon 
them? Worse than this, is the possibility of making 
wrong use of valuable data and truths because still un 
educated in spite of his knowledge. No mor? useless 
product of an alleged educational process is turiued loos 
on the industrial community than a so-called educated 
man, whose capacity is limited to a bookful of assorted 
recipes for producing certain results, 

But when the thing is done right and the man is 
forced to think correctly, persistently, and to a definit> 
and positive result, then the training in knowledge of 
physical law, in observation of phenomena, in construc 
tive combination of apparatus for their study and in de 
duction from experiment, is, in my opinion, the most 
valuable there can be. There is no quality or attribute 
so valuable in any environment as that which we eall 
initiative. This has been cleverly defined as the ability 
to do the right thing at the right time without being 
told. 

The classic or purely literary training does not foster 
this power of initiative. On the contrary, the perf» 
ness of the classic models and the inevitableness of the 
study of the past tends to discourage and dissipate thi 
power, unless the young man finds an outlet and a dis 
cipline for it in athletics, in the management of collegé 
journalism, and the control of musical or dramatic in 
terest. 

The training in the mechanical laboratory of the tech- 
nical school, on the other hand, cin b> directly and of 
purpose aimed to foster and stimulate this power. What 
the world calls for in its useful men is the capacity for 
resource to cope with conditions which have not arisen 
hitherto and to meet new obstacles and overcome them. 

Nature rarely gives to the same man a retentive mem 
ory for things which are past, and the faculty of ini- 
tiative and resource for problems of the futur>. The 
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retentive memory enables a man to show well in his 
ollege class room. He is perhaps the honor man or 
aledictcrian under the old conditions. The other power 

the one which makes him the class president, the 
otball manager and which tells later in the world of 
iairs. 

Hence, if my contentions are sound, and it be granted 
hat usefulness in life is an ideal, then the education in 
ipplicd science is that which can be so used as to fit a 
man best for a practical usefulness in an industrial com- 

unity which is built upon and is dependent upon the 
tilization of nature's laws. 


THE ENGINEERING SOCIETIES BUILDING IN NEW YORK 
CITY. 

In our issue of Jan. 3 we gave a view of the 
line new building erected for the national engi- 
neering societies through generosity. of 
Andrew Carnegie. The building was dedicated 
last week; the ceremonies extending over four 
successive days, the general program being as 
announced in our issue of April 11, p. 410. We 
show herewith a general view of the building, 
taken from the roof of a house on the opposite 
side of the street and also views in the main 
auditorium and the library. The building, how- 
ever, must be seen to be appreciated, and no 
engineer visiting New York City should fail to 
pay a visit to the building and see for himself 
how fine a structure has been reared for the 


honor and advancement of the engineering pro- 


fession. 


The dedication 


exercises were remarkable 


throughout for their dignity and interest. The 
notable features of the first day’s exercises were 


the addr¢ 
of Mr. ¢ 
Arthur I 


‘ss of Mr. Chas. F. Scott, the rem wks 
‘arnegie and the oration by President 
fadley, of Yale University. The fol- 


lowing is an extract from Mr. Scott’s remarks: 


This building, simple, dignified, and appropriate to its 
intended uses, is to be the home of the engineering 


societies. 

neering fo 
to the act 
that the ¢ 


These societies are the expression of engi- 
rees, and engineering forces are fundamental 
1ievements of our age. I ask you to realize 
‘ngineer has been foremost in bringing about 


our present civilization, and that to him new and larger 
problems are continually being presented. 


The sign 
in the pre 


ificance of this building is not in the past, nor 
sent, but in the future; for the vitality which 


has prompted engineering development in the past is 


unabated 


in the future. 


and a ha 
more, the 


tory of the world, and this audience 


representa 
erature, a 


now, and will continue with increasing force 
Witness this event, a gift of a million 
lf for buildings, supplemented by a million 
largest investment for engineering in the his- 
of a thousand men, 
engineering, education, lit- 
rt, and government, gathered with sympathy 


tive of science, 


and joy to bid Godspeed to the work we here inaugurate, 


and acela 
engineerin 


im this day the beginning of a new era in 
g. 


Mr. Carnegie, it has been your great privilege to 


make this 


possible. You provided money; it has been 


transformed into bricks and mortar. But your letter 
gives more than money—in it is an ideal: “a union 
building for you all’’; that, too, has transforming power; 
already the ‘‘harmonizing feature’’ is an active force, 
our societies are working together, they are getting a 
broader view of their position, and new inspiration for 
the large work which lies before them. 


The subject of President Hadley’s oration was 
“The Professional Ideals of the Twentieth Cen 
tury.”” We print the following extract: 


A building like this is the best monument to what 
the century has accomplished. The really important 
part of the history of a nation is the development of 
its ideals and standards. The specific things that it 
does are important not so much for their own sake, but 
for the sake of the evidence they give as to the trend 
of a nation’s thought. It is not the census figures which 
decide whether a nation is great or small. It is the 
industrial methods and educational ideals which these 
census figures indicate. And in like manner it is not 
the buildings and machines and railroads and mines 
which constitute the important part of the history of 
the engineering profession. The real thing for which 
we care—the thing that helps us to understand the 
past and inspires ys with hope for the future—is the 
story of the men who did the things—their struggles 
and their discoveries, their trials and their successes. 

The men who did more than anything else to make 
the nineteenth century different from the other cen- 
turies that went before it were its engineers. Down 
to the close of the eighteenth century the thinking of 
the world was dominated by its theologians, its jurists, 
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and its physicians. These were by tradition the learned 
professions, the callings in which profound thought was 
needed, the occupations where successful Men were ven- 
erated for their brains It was reserved for the nine- 
teenth century to recognize the dominance of abstract 
thought in a new field—the field of constructive effort— 
and to revere the trained scientific expert for what he 
had done in these lines Engineering, which a hun- 
dred years ago was but a subordinate branch of the 
military art, has become in the years which have since 
elapsed a dominant factor in the intelligent practice of 
every. art, where power is to be applied with economy 
and intelligenes 

4 building like this is therefore the symbol of all 
that is most distinctive in the thought of the century 
that has gone by. A hundred years ago we might have 
had a building in honor of theologians, or of lawyers, 
or of physicians; but one that symbolized the achieve- 
ments of the engineer was beyond men’s dreams, be- 
cause the world at large had neither felt the need of 
his work nor dreamed how soon it should be seeking his 
leadership.. 1 have spoken of this building as a monu- 
ment,- but that is, after all, not the proper word. 

A monument implies that a man is dead, or at any 
rate that he has so nearly reached the limit. of his 
growth that he might-just as well be.dead. Engineering 
has not yet reached the limit of its ‘growth, It has not 
come to the time when a complacent survey of the past 
will take, the, place of toilsome planning for the fu- 
ture Not a headstone do we want; but a milestone— 
a point at which our: measurement of what has been 
already done serves as an inspiration for the journey 
yet to be traversed. 

It is not enough for a professional man to have techni- 
cal training. It is not enough to know the specific sciences 
on which the practice of a profession is based. A man 
ought to have clear conceptions of the public service 
which his profession can render, and the public duty 
which its members owe. Thus, and thus only, can the 
engineer, the lawyer, the physician, or the member of 
any of the learned professions, rise to the full dignity 
of his calling. 

There are two distinct qualities which must be com- 
bined in order to secure the best professional service; 
two quite distinct tests which work must meet in order 
to be pronounced first-class. One of these is the tech- 
nical standard; the other, for want of a better word, 
may be called the ethical standard. 

The man who wishes to build a good railroad must 
not only lay it out according to the rules of the sur- 


Many a man of real eminence in his calling delib- 
erately rejects the wider conception of the professional 
duty which I have here indicated. Perhaps he recog- 
nizes the claims of public service, perhaps he does not, 
but in any event he believes that these claims rest 
upon him as 
lawyer. 


a man rather than as an engineer or a 


In his professional capacity he says he is hired not 
to tell what the law ought to be, but what it is; not 
to advise how a railroad can do the most public ser- 
vice, but how certain men with certain ideas of their 
own can best use the differential calculus to get those 
ideas carried out. This is perhaps the prevalent view 
of professional ethics to-day. I believe that it is a 
wrong view, which must menace not only the influence 
and standing of the professions themselves, but the 
general interest of the republic. 

We have outgrown the day when a little common 
sense was sufficient for managing the affairs of the 
nation, They are become too complex; and this com- 
plexity gives the engineer, if he will add to his train- 
ing in mathematics a training in ethics and political 
economy, and the fundamental principles of the law, an 
opportunity such as never before existed to claim and 
receive the position which rightfully belongs to him. 

The exercises on Tuesday were chiefly notable 
for the remarkable array of congratulatory tele- 
grams, letters and engrossed resolutions from 
engineering societies all over the world felici- 
tating the American engineering profession on 
its new and splendid home. Many of these were 
presented or read by the official delegates in 
person; and those present on the stage, imcluded 
among others, Sir Wm. Henry Preece, President 
of the Institute of Electrical Engineers of Great 
Britain; Mr. R. A. Hadfield, Past-President of 
the Iron and Steel Institute, and Dr. Henry 5S. 
Pritchett, President of Massachusetts Institute 
of Technology. 


A LARGE MINE HOISTING ENGINE WITH CORLISS 
VALVE GEAR. 

We show herewith a half-tone view of one of 
two 82 x 72-in. direct-acting Corliss hoisting en- 
gines built by the Allis-Chalmers Co. for the 
mines of the Boston & Montana Consolidated 
Copper & Silver Mining Co. at Butte, Mont. 


2,500-HP. MINE HOISTING ENGINE WITH CORLISS VALVE GEAR FOR THE BOSTON & 
MONTANA CO. 
Erected in the Milwaukee Shops of the Allis-Chalmers Co. 


veyor’s art, with the proper curves and grades and 
bridges which will not fall, but he must also have some 
intelligent regard to the needs of the population, the 
afety of travel, and the many other factors which 
determine whether a railroad shall be a work of public 
use or a source of industrial bickering and financial 
disaster 

This larger view of professional obligations is not so 
fully recognized as it should be. We have in the nine- 
teenth century made so much progress in the _ tech- 
nical training of doctors and lawyers and engineers 
that we sometimes forget that there is need of any- 
thing more than technical training. We have let the 


old idea of public leadership, which was prominent in 


the minds of the great professional men of past cen- 
turies, give place to another and narrower ideal which 
is fully satisfied when a man has made himself a tech- 
nical expert, 


The two hoisting engines on this order are du- 
plicates and weigh approximately 250 tons each. 
They are of the first motion type, fitted with 
automatic cut-off gear and governor, and also 
with complete steam reversing gear. Each crank 
shaft carries two steel hoisting drums, both pro- 
vided with heavy friction clutches and powerful 
post brakes, a!l operated by individual steam 
cylinders and hydraulic oil-controlling cylinders 
so that either may be handled independently of 
the other or both operated in balance, as desired. 
The finished hoist and its duplicate will each 
have a lifting capacity of 384,000 lbs. from a 
depth of 3,500 ft. They will be operated at 140 
Ibs. steam pressure. This load includes the 
weight of the rope, which is over 6 tons. When 


working regularly at full capacity the engines will 
develop approximately 2,500-HP. These hoists 
will be required to make from six to seven trips 
per hour, night and day. 


EXPLOSION OF A 5,000 KW. STEAM TURBINE. 

The 3Sth street generating plant of the New 
York Edison Co., New York City, was badly dam- 
aged on the evening of Saturday, April 20, and 
the entire station was shut down for a time. At 
9.09 p. m., while on the peak of the evening load, 
one of the 5,000 KW. turbine generators, while 
carrying its normal load, suddenly exploded and 
at the same instant one of the 4,000 KW. engine- 
driven generators burned out. The engine of 
still another ~unit was disabled also.  Short- 
circuited switchboard connections and wires of 
the crippled generators caused fire which filled 
the large engine-room of the station with the 
acrid smoke of burning insulation. This inter- 
fered greatly with the work of reducing the 
trouble. The city fire department was called in 
and played water on the burning generator. This 
made matters worse and it was necessary to shut 
down the other units and attack the wreckage 
with axes and chemicals. 

The auxiliary transmission lines of the com- 
pany, connecting the main generating plants, 
were put into immediate use. By means of these 
it was attempted to distribute the load carried 
ordinarily by the 388th St. station on the 


‘others plants. What was not carried by these 


stations was handled by the storage batteries 
in the 28 sub-stations of the district. The load 
of the station in which the accident occurred is 
practically all of Manhattan Island from between 
l4th and 72d Sts. The accident caused a reduc 
tion in this area of about nine-tenths the normal 
electrical output. In those streets where the Edi- 
son Co. supplied current, the lights were dimmed 
for about half an hour. 

As soon as men were able to work in the sta 
tion, the wreckage was removed from the unin 
jured dynamos and these were put in operation 
again, greatly relieving the trouble. The lowest 
voltage in any section of the affected area was 
for a few moments about SO. 

The unit which exploded was a 5,000 KW., 
0-eyele Curtis turbine alternator, designed 
to be run at S14 r.p.m. It is to be 
presumed, from the facts made public, that 
the turbine ran away, due to defective action 
of the governing mechanism, and the tremendous 
centrifugal force thus developed caused the al- 
ternator to fly apart. The sheet steel casing of 
the turbine was torn to pieces and bits were em- 
bedded in the brick walls. A section of the unit 
was driven through the rear wall of the power 
house, making a 20 ft. hole. The dynamo room 
is provided with six galleries and pieces of metal 
were thrown to the top one. The damage is 
placed at $15,000. While there were about 200 
men in the building, no serious injuries have 
been reported. 


NOTES FROM ENGINEERING SCHOOLS. 

UNIVERSITY OF WISCONSIN.—The seventh 
annual session of the Summer School of Artisans 
held under the direction of the College of Engi- 
neering, will open June 24 and continue for six 
weeks. Courses in “engines and boilers’; ‘“‘ap- 
plied electricity’; “mechanical drawing and ma- 
chine design’; ‘‘materials of construction, fuels 
and lubricants’; “shop work’; and ‘manual 
training’ will be offered. The summer school is 
run for the benefit of artisans, such as machin- 
ists, carpenters, engineers, apprentices, etc., who 
wish to gain a better understanding of their 
work, or else qualify themselves for better 
positions. 


— 


COMPULSORY ADOPTION OF THE METRiC SYSTEM 
has been defeated in Great Britain. A bill recently be- 
fore Parliament proposed to compel sales and contracts 
to be made in the metric system after April 1, 1910. 
In the debate it was claimed than 80 to 9% of the 
machinery manufacturers of the country were opposed to 
the bill. In the shipping industry, measures of draft, 
displacement and tonnage would have to be altered 
throughout the world, The cotton industry, too, is 
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earried on the world over in English units. The motion 
to pass the bill to a second reading was defeated by a 
vote of 150 to 118. 

A REAR COLLISION occurred between a freight train 
and a fast passenger train on the Southern Ry., at 
Birmingham, Ala., April 21. The accident was caused 
by an operator allowing the passenger train to enter a 
block before the freight had left it. The freight was 
drawing a ‘‘dead’’ engine at the rear, and this engine, 
together with the passenger engine, was wrecked, 
as well as the baggage and mail cars of the passen- 
ger train. The collision threw several freight cars across 
the eastbound track, and before warning could be given 
these were crashed into by a wrecking train bound for 
Heflin, Ala. This second collision ditched practically, 
all of the freight cars, and wrecked the wrecking 
train. Two trainmen were killed and a half dozen 
others seriously injured. 


> 


A FIRE in the mine of Dos Estrelles Mining Co., of 
Flore, Mexico, killed some 14 miners April 12, ac- 
cording to reports from Mexico City. These reports also 
stated that the mine was still burning and rescue work 
progressing very slowly. 


EARTHQUAKES IN MANY REGIONS of the world 
were reported during the two or three days following 
the destructive Mexican earthquakes of April 14 to 16. 
Shocks of more or less intensity were felt in Constanti- 
nople, in the town of Oskhabad (Transcaucasia), and in 
the cities of Murcia and Tortosa, southern Spain, on 
April 17. Two days later, April 19, slight tremors were 
felt at Charleston, S. C., and in Switzerland, and heavier 
shocks in the Philippine Islands and in northern Algeria. 
The voleano of Puyehue, in Peru, was reported in erup- 
tion; the Colima volcano, in the State of Guerrero, Mex., 
continued in heavy eruption. Later reports from the 
Mexican earthquake district confirm the impression re- 
ported in this column last week, that nearly all of the 
State of Guerrero was devastated, and that several hun- 
dred, possibly as many as 50) to 1,000, persons lost 
their lives. 


* 


A NEW TERMINAL STATION AT CHICAGO is pro- 
jected, to take the place of the Polk St. station. This 
station is owned by the Chicago & Western Indiana Ry. 
and used by five other tenant lines. Additional land for 
the new terminal has been purchased gradually during 
the past few years and, according to reports, the railway 
company is nearly ready to undertake the work of con- 
struction. 


—— — —— —— 

A SALT WATER FIRE PROTECTION SYSTEM for 
San Francisco has been reported on by Mr. T. P. Wood- 
ward, City Engineer. A high-pressure system is pro- 
posed, consisting of three pumping plants on the water 
front, necessary mains, and two 5,000,000-gal. reservoirs, 
the latter to be located on Twin Peaks near Twentieth 
and Stanyan Sts. Two of the pumping plants would have 
ultimately a capacity of 16,000 gals. per min. each; one 
of these would be located near the foot of Second St. 
and the other near the foot of Van Ness Ave. The third 
station, of 8,000 gals. per min. capacity, would be located 
near the Union Iron Works. The pumping engines would 
be founded on solid rock and would be designed to work 
against a pressure of 300 Ibs. per sq. in. In addition to 
the pumping stations, at least two fireboats are recom- 
mended, each with a capacity of 12,000 gals. per min. 
against a pressure of 150 Ibs. per sq. in., or 6,000 gals. 
against 500 Ibs. It is also proposed to repair the fire 
systems that were in use before the earthquake, and to 
build a number of new ones ranging in capacity from 
25,00) to 100,000 gals. Reinforced concrete is the ma- 
terial proposed for these systems. 

THE MISSISSIPPI RIVER BRIDGE to be built from 
Venice, Ill, to the north end of St. Louis, Mo., for 
the electric railway of the Illinois Traction System is to 
cost about $2,500,000. This bridge was noted in the 
article on new bridges at St. Louis in our issue of 
March 21. According to report it will have a central 
span of 528 ft., with two intermediate or flanking spans 
of 521 ft., and two shore spans of 300 ft. In addition to 
a double-track railway it will have two roadways and 
sidewalks. The railway will extend through St. Louis 
to a terminal station at 12th and Lucas Sts. 

@-- — —— — 

TWO NEW FIRE BOATS for the New York City Fire 
Department were launched April 16, at the ship yards of 
Alexander Miller & Brother, Newburg, N. Y. They were 
christened the “Thomas Willett’ and the ‘James 
Duane." Each boat is 131 ft. long, with 27 ft. beam and 
a depth of 14 ft. They are to be driven by 150-HP. 
steam turbines and will be fitted with centrifugal pumps, 
having a capacity of 10,000 gals. per minute. 

OFFICIAL NOTICE prohibiting the pollution of the 
Passaic River by sewage discharge after Dec. 12, 1912, 
has been served by John S. Gibson, Clerk of the Passaic 


Valley Sewerage Commission, Newark, N. J. The fol- 
lowing cities and towns are affected: Newark, Orange, 
East Orange, Bloomfield, Glen Ridge, Montclair, Belle- 
ville, Aquackanonk Township, Garfield, Passaic, Pater- 
son, Wallington, Nutley, Kearny, East Newark, Harri- 
son, North Arlington, Union Township, Rutherford, East 
Rutherford. Under recent legislation the various com- 
munities can construct joint or separate disposal works. 
It is supposed that the trunk sewer scheme, with a 
discharged in New York Bay or Kill von Kull, will be 
revived, but this remains to be seen. 


A TUNNEL UNDER NORTHUMBERLAND STRAIT 
from the mainland to Prince Edward Island is pro- 
posed in an estimate submitted to the Canadian govern- 
ment. The proposed tunnel will be 74% miles long and 
reach a depth of 150 ft. below water level, and can be 
built at an estimated cost of $15,000,000. The proposed 
line is from Cape Tormentine in New Brunswick to Cape 
Traverse, Prince Kdward Island, at the narrowest part 
of the strait. 


> 


THE TALLEST BUILDING IN THE WORLD is onee 
more proposed, this time at Pittsburg, Pa. Plans have 
been submitted to the County Commissioners there for 
the erection of a 40-story addition to the Court House 
for Allegheny County, which will rise 700 ft. above 
ground level. The highest building so far attempted 
is the tower on Metropolitan Life Building in New York 
City, which is 65S ft. above the sidewalk. The County 
Commissioners of Allegheny County have not decided 
as yet upon the 70U-ft. tower, but have the matter 
under consideration. 


4 


MOSQUITO EXTERMINATION WITHIN DOORS, by 
means of a compound of camphor and carbolie acid 
called ‘‘Culicide,’’ was outlined at some length in our 
issue of April 12, 16. That article was based on a 
report by Passed Assistant Surgeon Berry, detailing ex- 
periments made by him at Tampa Bay quarantine. In 
the “Public Health Reports’’ of the Public Health and 
Marine Hospital Service for March 29, 1!7, 42 experi- 
ments on a total of 10,000 mosquitoes, made at Mobile, 
Ala., by Passed Assistant Surgeon Francis are reported. 
The chemical agent in this case appears to have been 
practically the same as the culicide used in the previous 
experiment, although it is here called by the more or- 
dinary name of camphor-phenol. Surgeon Francis lays 
stress upon the desirability of having the protection af- 
forded to mosquitoes in extermination tests ‘‘assimilate 
as nearly as possible those which the mosquito brings to 
his rescue in nature.’’ He states that it is well known 
that mosquitoes hide among clothes in wardrobes, behind 
washstands, in the bunks of staterooms on ships, in dark 
jugs, even going down narrow necks of jugs to deposit 
eggs in water. Bearing these facts in mind, some of the 
mosquitoes in the tests reported on were “‘placed in a 
cage on the floor beneath a bed, the sides and ends of 
which are covered with blankets falling to the floor, ex- 
cept on one side, on which the blanket lacks 4 ins. of 
reaching the floor.’’ Since the camphor-phenol fumes 
will not penetrate blankets, reliance has to be placed 
upon their dissemination by the diffusion of gases. The 
general result of the tests was considered unsatisfactory, 
while other tests, in which ordinary sulphur rolls were 
used, were much more effective. Those interested in de- 
tails can doubtless secure the full report by addressing 
the Public Health and Marine-Hospital Service, Wash- 
ington, D. C. 


THE DROP MANHOLE PATENT granted to James 
P. Bates in 1892, and assigned to Alexander Donahey, of 
Kirksville, Mo., has been held to be invalid by the 
U. S. Court, sitting at Keokuk, Iowa. A suit to recover 
royalties of $10 each for every manhole on the sanitary 
sewerage system of Centerville, Iowa, was brought ip 
16. At the hearing on April 16, 1907, the court de- 
cided that the drop manhole involved was not pat- 
entable. This decision was given after the plaintiff 
rested his case, but before the defense had produced 
its evidence as to priority of use. The plaintiff took a 
non-suit. Mr. M. G. Hall is City Engineer of Center- 
ville, and to him we are indebted for the information 
given. 


PERSONALS. 


Mr. KE A. Kingsley has been elected City Engineer 
and Superintendent of Public Works for the city of Lit- 
tle Rock, Ark. 


Mr. H. D. Richardson, has resigned as Assistant Su- 
perintendent of the Nipissing mines, Cobalt, Ont., and 
he will remove to Boise, Idaho. 


Mr. T. H. Watkins, of Seranton, Pa., has been elected 
President of the Pittsburg, Binghamton & Eastern R. R 
to succeed Mr. F. A. Sawyer, resigned. 


Mr. J. G. Gwynn, and not Mr. G. W. Gwynne, as 


stated in our last issue, has been appointed Chief En 
gineer of the Denver & Rio Grande R. R. 

Prof. C. R. Richards, Head of the Department of Me 
chanical Engineering, University of Nebraska, has been 
elected Dean of Engineering at that institution 

Mr. A. T. Dice has been appointed General Superin- 
tendent of The Williams Valley R. R.; Mr. W. H. 
Keffer, Superintendent, and Mr. William Hunter, Chief 
Engineer. 

Mr. W. H. Maddocks has been appointed Assistant 
Superintendent of Machinery and Equipment for the 
Missouri, Kansas & Texas Ry 
Parsons, Kan. 


., With headquarters at 


Mr. Alex R. Holliday, formerly Engineer Maintenance 
of Way for the Pennsylvania R, R., has become asso- 
ciated with the National Concrete Co., S805 Tractional 
Terminal Bldg., Indianapolis, Ind. 

Mr. E. F. Carry, Second, Vice-President and Chicago 
Manager of the American Car & Foundry Co., has been 
elected First Vice-President and General Manager, to 
succeed Mr. W. J. McBride, resigned. 

Mr. F. S. Elliott, Assistant Superintendent of the 
Great Northern Ry. at Larimore, N. D., has been pro- 
moted to be General Superintendent at Spokane, Wash. 
He will be succeeded by Mr. F. D. Kelsey. 

Mr. Henry W. Taylor has been appointed Assistant 
Engineer to take charge of the. survey for an outlet 
sewer for the City of Rochester, N, Y He has been 
acting as Assistant Engineer for some time past. 

Mr, Nathan C. Grover, formerly Assistant Chief Hy- 
drographer of the U. S. Geological Survey, has ac- 
cepted the position of Assistant Hydraulic Engineer, J. 
G. White & Co., Ine., Engineers, Contractors, 43-49 Ex- 
change Pl., New York City. 

Mr. J. B. Diven, Master Mechanic of the Cumberland 
Valley R. R. at Chambersburg, Pa., has been appointed 
Assistant Engineer of Motive Power for the United Rail- 
roads of New Jersey. Mr. Taber Hamilton succeeds 
him as Master Mechanic. 


Mr. Theodore Belzner, Jun. Am. Soc. C. E., has re- 
signed as Inspector of Steel Construction for the Rapid 
Transit Railroad Commission of New York, to become 
Inspector of Steel, Blackwell's Island Bridge, Depart- 
ment of Bridges, New York City. 

Mr. Henry C. Schmidt, Superintendent of the Minas 
Dolores y Anexas plant of the American Smelters’ Se- 
curities Co., at Matehuala, San Luis Potosi, Mexico, has 
resigned to become Superintendent of Mines for the 
National Metallurgical Co., of that place. 

Mr. R. R. Carr Harris, for the past three years in 
charge of a section of the Guelph & Goderich Ry. of 
Ontario, Canada, has been appointed Engineer in charge 
of construction for the Canton-Hankow Ry., China. He 
is a graduate of the Kingston Royal Military College. 

Mr. R. B. Hayes, Superintendent of Construction, 
Public Buildings, for the U. S. Government, has been 
relieved ,from duty at Vincennes, Ind., and placed in 
charge of the Custom House at Baltimore, Md. He 
succeeds Mr. George O. Von Nerta, placed in charge of 
the Post Office at Atlanta, Ga. 

Mr. Rudolph Hering, M. Am. Soc. C. E., 170 Broadway, 
New York, and Mr. W. G. Kirkpatrick, M. Am. Soe. 
C. E., City Engineer of Jackson, Miss., and a member of 
the firm of Kirkpatrick and Johnson, have been appointed 
Consulting Engineers to inspect the recently completed 
portions of the sewerage system of New Orleans. 

Mr. R. A. Rutledge has been appointed Resident 
Engineer of the Southern and Galveston divisions of the 
Gulf, Colorado & Santa Fe Ry., to succeed Mr. M. T. 
Pratt, resigned. His headquarters are at Temple, Tex. 
Mr. C. C. Boyer has been appointed Resident Engi- 
neer of* the Beaumont Division, with headquarters at 
Beaumont, Tex. He succeeds Mr. Rutledge. 


Obituary. 

Thomas B,. Riter, President of the Riter-Conley Mfg. 
Co., of Pittsburg, Pa., died at his home in that city, 
April 23, of Bright’s disease, aged 67 years. 

Anson F. Harrold, President of the American Elec- 
trical Transformation Co., died at his home in Bar- 
rington, R. I., April 18, of tuberculosis of the throat, 
aged 3S years. He was a graduate of Princeton Uni- 
versity. 

J. D. Sullivan, Superintendent of the Halifax & 
Southwestern Ry., died at his home in Bridgewater, 
N. S., April 11, of pneumonia, aged 88 years. He 
a native of the United States, but had resided 
ada for some time, formerly being 


was 
in Can- 
connected with the 
Canadian Pacific Ry., and later with McKenzie & Mann. 

Thomas Vennere, formerly Superintendent of the Key- 
stone Rolling Mill at Pittsburg, Pa., died at Brooklyn, 
N. Y., April 18, aged 84 years. He was born in Eng- 
land and there learned his trade. In 1859 he was made 
Superintendent of the Round Oak Tron Works, Brierly 
Hall, Staffordshire, England. Ten years later he came 
to the United States and erected a rolling mill at 
Portsmouth, O. Later he took charge of the steel works 
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of the Baltimore & Ohio R. R., at Cumberland, Md., and 
in 1875 he was made Superintendent of the Keystons 
Mill. He retired from business in 1892. 

Martin L. Sykes, formerly First Vice-President of the 
Chicago & Northwestern Ry., died at his home in Chester 
Hill, Mount Vernon, N. Y., April 17, aged 81 years. 
He entered railway service in 1844 as a rodman for 
the New Haven, Hartford & Springfield R. R., and 
remained with that company for nine years, advancing 
from Rodman to Engineer’s Clerk to Superintendent. 
In 1853 he became Superintendent of the Connecticut 
River R. R., but after a short service in that capacity 
he was made Superintendent of the Morris & Essex 
R. R. From 1854 to 1857 he acted as Superintendent of 
the Hudson River R. R., when he was elected Vice- 
President and Superintendent of the Chicago & Mil- 
waukee R. R. Three years later he was made Vice-Presi- 
dent of the Michigan Southern & Northern Indiana 
R. R. In 1864 he was elected President of that road 
and a year later he became Vice-President of the Dela- 
ware, Lackawanna & Western R. R. He remained with 
that company for two years, and then was elected Vice- 
President of the Cleveland, Painsville & Ashtabula R. R. 
In July, 1857, be was made Second Vice-President of 
the Chicago & Northwestern Ry., and three years later 
he was advanced to First Vice-President. In 1873 he 
was again advanced to First Vice-President, Treasurer 
ind Secretary. He resigned as Treasurer in 1898, but 
retained the other offices until 1902, when he retired 
from active railroad affairs. From 1882 to June, 1901, 
Mr. Sykes was also connected with the Chicago, St. 
Paul, Minneapolis & Omaha Ry., acting as Vice-Presi- 
dent, Treasurer and Assistant Secretary until June, 
IS9S, at which time he resigned as Treasurer, but con- 
tinued to act in the other capacities until 1901, 
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ENGINEERING SOCIETIES. 


COMING MEETINGS. 
AMERICAN ELECTROCHEMICAL SOCIETY. 

May 2-4. Annual meeting at Philadelphia, Pa. Secy., 

S. S. Sadtler, 39 South 10th St., Philadelphia, Pa. 
AMERICAN FOUNDRYMEN’S ASSOCIATION. | 

May 21-24. Annual convention at Philadelphia, Pa. 

Secy., Richard Moldenke, Watchung, N. J. 
NATIONAL FIRE PROTECTION ASSOCIATION. 

May 22-24. Annual Meeting at New York City. Secy., 

W. H. Merrill, 382 Ohio St., Chicago, Ill. 
AMERICAN SOCIETY OF MECHANICAL ENGINEERS. 

May 2s-31. Semi-annual Meeting at Indianapolis, Ind. 

Calvin W. Rice, Engineering Societies 
West 39th St., New York City. 
NATIONAL ELECTRIC LIGHT ASSOCIATION. 

June 4 to 7. Annual convention at Washington, D. C. 
Secy., W. C. L. Eglin, 28 West 59th St., New York 
City. 

AMERICAN RAILWAY MASTER MECHANICS’ ASSO- 
CIATION. 
June 12-14. Annual meeting at Atlantic City, N. J. 
Secy., J. W. Taylor, 390 Old Colony Bldg., Chicago, 

lil. 


MASTER CAR BUILDERS’ ASSOCIATION, 

June 17-19. Annual meeting at Atlantic City, a A 
Secy., J. W. Taylor, 390 Old Colony Bldg., Chicago, 
lil. 

AMERICAN WATER-WORKS ASSOCIATION. 

June 17-22. Annual convention at Toronto, Ont. Secy., 

J. M. Diven, 14 George St., Charleston, S. C. 
ASSOCIATION OF RAILWAY TELEGRAPH SUPERIN- 
TENDENTS. 

June 19, 20. Annual meeting at Atlantic City, N. J. 
Secy., P. W. Drew, Wisconsin Central Ry., Mil- 
waukee, Wis. 

AMERICAN SOCIETY FOR TESTING MATERIALS. 

June : 2. Annual meeting at Atlantic City, N. J. 
Secy., Edgar Marburg, University of Pennsylvania, 
Philadelphia, Pa. 

AMERICAN SOCIETY OF CIVIL ENGINEERS. 

Annual convention at the City of Mexico, Mexico, be- 
ginning July 8. Secy., Charles Warren Hunt, 220 
West 57th St., New York City. . 

ASSOCIATION OF TRANSPORTATION AND CAR AC- 
COUNTING OFFICERS. 

June 25, 26. Annual meeting at St. Paul, Minn. Secy., 
G. P. Conard, 24 Park Place, New York, N. Y. 
AMERICAN INSTITUTE OF ELECTRICAL ENGI- 

NEERS. 

June 25-28. Annual convention at Niagara Falls, N. Y. 
Secy., Ralph W. Pope, 29 West 39th St., New York 
City. 


AMERICAN INSTITUTE OF ELECTRICAL ENGI- 
neers.--The regular meeting will be held at the Engi- 
neering Societies Building, New York City, April 26, at 
8:15 p. m. A paper on “The Telephone Wire Plant’ 
will be presented by Mr. S. P. Grace, Chief Engineer of 
the Central District & Printing Telegraph Co., of Pitts- 
burg, Pa., in the auditorium, while a paper on ‘Light 
from Gaseous Conductors Within Glass Tubes—The 
Moore Light,’’ will be read by Mr. D. McFarlan Moore, 
Chief Engineer and General Manager of the Moore Elec- 
tric Co., Newark, N. J. This paper will be presented 
in assembly room No. 2, on the fifth floor of the 
building. 


IRON AND STEEL INSTITUTE.—The annual meet- 
ing will be held at the Institution of Civil Engineers, 
Great George St., Westminster, London, May 9-10. Ses- 
sions for the transaction of business and the reading 


of papers will be held each forenoon at 10:30 a. m. The 
annual dinner will be held in the Grand Hall of the 
Hotel Cecil, Friday evening, at 7 o’clock. The papers 
to be read at the meeting are as follows: ‘“‘The Use 
of Steam ip Gas Producer Practice,’ Prof. W. A. Bone 
and Mr. R. V. Wheeler; ‘‘Sentinel Pyrometers and 
Their Application to the Heat Treatment of Tool Steel,’’ 
Messrs. H. Brearley and F. Colin Moorwood; ‘Induced 
Draught with MHot-Air Economizers for Steel-Works 
and Blast-Furnace Boilers,’’ Mr. A. J. Capron; “Th? 
Influence of Process of Manufacture on Some of the 
Properties of Steel,’” Mr. F. W. Harbord; ‘‘The Dis- 
tribution of Sulphur in Metal Ingot Moulds,’’ Mr. Joseph 
Henderson; ‘Steel Making from High Silicon Phosphoric 
Pig Iron by the Basic Bessemer Process,’’ also ‘Steel 
Making from Pig Iron Containing Chromium Nickel and 
Cobalt,’’ Mr. Arthur W. Richards; ‘‘Electrically Driven 
Reversing Rolling-Mills,’’ Mr. D. Selby-Bigge; 
Ageing of Mild Steel,’’ Mr. C. E. Stromeyer; ‘‘Carbon- 
Tungsten Steels,’’ Mr. Thomas Swinden; ‘‘The Nomen- 
clature of Iron and Steel,’’ Committee Report. 


AMERICAN ELECTROCHEMICAL SOCIBETY.—The 
annual meeting will take place at Philadelphia, Pa., May 
2-4, sessions being held at the University of Penn- 
sylvania. Arrangements have been made for visiting 
the plant of the United Water Improvement Co., where 
the ozone method of purifying water is used; the U. S. 
Mint; the steel furnace of Henry Disston & Sons; the 
Frankfort Station of the Philadelphia Electric Co., and 
the Lardner’s Point Pumping Plant. Among the social 
features will be a shad dinner at Gloucester, Pa. Many 
excursions to points of interest about Philadelphia have 
been arranged for entertaining the ladies in attendance. 
A list of some twenty-seven papers has been prepared 
for presentation at this meeting, among which are the 
following: “Rapid Determination of Electrolytic Re- 
sistance,’’ C. F. Burgess; “A Practical Limitation of 
Resistance Furnaces,’’ ‘‘The ‘Pinch’ Phenomenon,” Carl 
Hering; ‘Electrolytic Corrosion of Brass,” A. T. Lin- 
coln; ‘Relative Cost of Power,’ Charles E. Lucke; 
“Bomb Calorimeter for Measuring the Heat of Com- 
bustion of Substances Giving Solid Oxidation Products,”’ 
Henry Noel Potter; “Electrolytic Pickling of Steel,” 
C. J. Reed; ‘‘The Work Done in Electrolysis,” J. W. 
Richards; ‘Recent Developments in Electrolytic 
Analysis,’’ E. T. Smith; ‘‘Influence of Strain on the Cor- 
rosion of Iron,’’ W. H. Walker. 

THE AMERICAN SOCIETY OF CIVIL ENGINEERS 
held its regular meeting at its house on April 17, 
1907, Mr. A. L. Bowman in the chair. The meet- 
ing was one of the best attended of the year 
and an unusual interest was displayed in the paper and 
subsequent discussions. The paper of the evening, ‘“‘The 
Laws of Proportioning Concrete,’’ by William B. Fuller 
and Sanford E. Thompson, was read in abstract by the 
latter. The authors of the paper have just finished a 
series of exhaustive tests, extending over two years, in 
the effort to determine methods by which the make-up of 
the strongest and most economical mixture of concrete 
can be found. As a result of these tests a list of 21 con- 
clusions were arrived at, all of which are of great value 
as a basis for this study. One of the principal parts of 
the experiments was the determination of a mechanical 
analysis curve of the aggregate which will produce the 
best concrete. A mechanical analysis curve for a con- 
crete aggregate is a curve in which the ordinates rep- 
resent the percentages of the weight of the total sample 
passing through a sieve having holes of a diameter rep- 
resented by the distance of this ordinate from the origin. 
A so-called ‘‘ideal’’ curve was derived from the tests 
and as an example of the process in actual work Mr. J 
L. Davis, who has charge of the experimental station for 
the Board of Water Supply of New York City, illustrated 
a number of cases where the proper mixture of the 
aggregate in concrete to be used in the new aqueduct 
work was determined by comparing and adjusting the 
mechanical analysis curves of the proposed aggregate to 
that of the ideal mixture. 

Mr. Allen Hazen questioned the commercial applica- 
bility of the process and said that the cost of time and 
labor involved in making these analyses would probably 
be greater than the saving in the cement which it would 
take to make an equally strong concrete. In the discus- 
sion both Messrs. Thompson and Fuller replied to some 
length. 

WESTERN RAILWAY CLUB.—At the meeting held 
on April 16 at the Auditorium Hotel, Chicago, Mr. W. 
E. Beecham, Car Accountant of the Chicago, Milwaukee 
& St. Paul Ry., read a paper on ‘‘Unnecessary Movements 
of Empty Cars at Interchange Points.’” He showed 
that owing to disputes between car inspectors as to the 
condition of cars, an empty car is often sent back and 
forth for several trips between the delivering and re- 
ceiving road because ‘‘one road does not want it and the 
other will not have it.’’ Meanwhile the transfer and 
per diem charges are accumulating, the car is kept out 
of service, and the owner is deprived of its use. Cas2s 
were mentioned where such movements resulted in sev- 
eral days’ delay and charges of some $40. There are 


interchange rules which cover the disputes lying at the 
bottom of the trouble, but these rules are forgotten or 


neglected, and some action is needed to check this par- 
ticular class of trouble in train service. 

The report of the Committee on Rules of Interchange 
was then taken up, suggesting certain changes for con- 
sideration at the Master Car Builders’ convention. These 
were all adopted. The principal changes related to the 
charges allowed for certain repair work and materials 
(owing to the marked changes in prices of labor and ma- 
terials), and to making car-wheel specifications a little 
more strict for wheels of cars of over 80,000 lbs. 
capacity. 

A lengthy paper on ‘Train Lighting by Electricity” 
was then read by Mr. O. W. Ott (Chicago, Burlington & 
Quincey Ry.). He described the three methods of (1) A 
generating plant in the baggage care, (2) Storage bat- 
teries under the cars, and (3) An axle-driven generator 
under each car, with supplementary batteries. The ques- 
tions of cost of equipment, maintenance and operation 
were discussed in connection with 16-car trains, and the 
general results may be summarized as follows: 


Per car. (1) (2) (3) 
Weight of equipment..... 2,075 lbs. 3,800 Ibs. 4,900 Ibs. 
Cost of equipment........ SST4 $1,074 $1,674 
Cost of operation per year. $533 $600 $031 


NEW YORK RAILROAD CLUB.—The regular monthly 
meeting was held in the large assembly room on the fifth 
floor of the Engineering Societies Building, 29 West 39th 
St., New York City, April 19. An audience which taxed 
the seating capacity of the room was on hand to listen 
io the paper by Mr. W. R. McKeen, Jr., General Super 
intendent of Motive Power and Machinery for the Union 
Pacific R. R., on “Gasoline Motors Cars for Railway 
Service.’’ Instead of reading the paper, which dealt 
with the cars designed by him for the Union Pacific 
R. R. (Eng. News, Noy. 22, 1906, p. 536), Mr. McKeen 
called attention to some of the special features of thes» 
cars. 

The ears were designed for use in thinly populated 
districts where a service of steam trains or electric cars 
would not pay. They are of steel construction through- 
out, the framework of the sides of the car being 
built in the form of a truss, while the center still is 
well braced into the side sills. Continuous steel ribs 
run up one side of the car through the roof and 
down the opposite side. The siding of the car is 
of steel plates and the whole structure is so designed 
that every part will take its proportionate load, when 
the car is subjected to a shock. As showing how well 
this purpose had been effected, Mr. McKeen cited an 
instance, when one of these cars was struck by a loco- 
motive running at 30 miles per hour. The rear of the 
car was slightly damaged, the steel plates being bent 
and some of the ribs broken loose, but otherwise the 
frame of the car was in no way damaged, and beyond 
the point of contact the paint was not even cracked. 
The oval windows were used in order to gain width of 
car, 7 ins. being thus saved, and to make possible the 
lowering of the roof, which is 2 ft. lower than the 
ordinary passenger coach, also to get a deeper truss. 
These cars have a wedged-shaped front and a round 
rear end. The object of this radical design was to de- 
crease the wind pressure, and it has proven very 
satisfactory. 

In designing his engine Mr. McKeen has also made 
some radical changes. He uses a six-cylinder, four-cycle, 
200-HP. engine on each car and controls the car's speed 
by simply adjusting the gasoline supply to the engine, 
and by advancing or retarding the spark as the case 
may be. In this manner the ear can be operated at any 
speed between zero and 60 miles per hour. A remark- 
able feature of these engines is that they will give prac- 
tically full power (according to Mr. McKeen) when the 
cooling water is at 212° F. No statement was made, 
however, as to how this feat was accomplished. The 
driving mechanism of these cars is extremely simple, a 
friction disk clutch, controlled by air pressure, being used 
to accelerate the car, after which the engine drives 
direct on the forward axle of the forward truck by means 
of a roller chain and sprocket wheels, the friction clutch 
being cut out altogether. In order that each cylinder 
may take exactly the same amount of gas and thus 
bear its share of the load, the intake pipes from the 
carburettor to the cylinders have all been designed 
so that they have the same length and the same de- 
gree of curvature. It may be noted that the large 
engine is installed to provide for the haulage of trailers, 
and that under ordinary conditions 50 or 60 HP. only 
is required to drive the car without trailers at full 
speed. The efficiency, however, of these large engines, 
it is said, is so much better than that of the smaller 
engines that the cost of operation is not materially in- 
creased. 

The cost per mile for operating these cars, including 
cleaning, running and shop repairs, fuel, lubricating 
oil and wages of motorman and conductor, ranges from 
$0.10 to $0.20 per mile, depending on length of run per 
day and the make-up of the train crew. The gasoline 
consumption varies from three to five miles per gallon, 
depending on the motorman and grades of the line. 

The discussion, which was participated in by the 
representatives of several manufacturers of other types 
of motor cars, failed to bring out any new points, 
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